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1.0 INTRODUCTION

This Background Document for Chemical Neutralization as 2 Land Disposal Restriction Treatment
Technology for Chemical Agent-Associated Waste is to assist the Land Disposal Restrictions Utah
Group established by the Chemical and Biological Defense Command support the Utah Division of Solid
and Hazardous Waste (UDSHW) in developing Land Disposal Restriction (LDR) treatment standards.
This report summarizes the review of the literature and the performance database to support chemical

agent-related waste stream neutralization as a specific LDR technology.

AGEISS Environmental, Inc., with the support of Analytical Quality Solutions, prepared the report in
accordance with specifications in Task Order 024 eutitled Chemical Agent Waste Management Plan
under Dugway Proving Ground (DPG) Contract DAAD09-94-D-0001. Only documents available
through the DPG Technical Library and DPG’s performance database that contains approximately | year

of the analytical results of decontaminated chemical agent-related waste streams were reviewed.
The remainder of this introductory section discusses the following topics:

¢ Regulatory background of chemical neutralization as an applicable treatment technology for
LDRs
¢+ Purpose and scope of the repon

Report organization

1.1 REGULATORY BACKGROUND OF CHEMICAL NEUTRALIZATION AS AN
APPLICABLE TREATMENT TECHNOLOGY FOR LAND DISPOSAL RESTRICTIONS

The LDRs were mandated for wastes designated as hazardous under the Federal Resource Conservation
and Recovery Act (RCRA) program by the 1984 Hazardous and Solid Waste Amendments to RCRA.
LDRs are treatment requirements for wastes prior to land disposal. When a waste is determined to be
hazardous, it must be treated to comply with specified treatment standards prior to land disposal. These
treatment standards substantially diminish the toxicity of the waste or substantially reduce the likelihood
of migration of hazardous constituents from the waste (RCRA Section 3004(m)). This section presents
the regulatory background for chemical neutralization as an applicable treatment technology for land
disposal of decontaminated chemical agent-related wastes.

RCRA was intended by Congress to be a state-implemented program. The U.S. Environmental
Protection Agency (EPA) was charged with developing a minimum set of standards for managing
hazardous waste under the RCRA program; states would then adopt these regulations and seek
authorization from EPA to implement the RCRA program within their boundaries. States cannot be less
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stringent than the Federal program in adopting EPA's regulations, however, states can develop
regulations that are more stringent.

The State of Utah has been authorized by EPA to operate the RCRA program. UDSHW administers the
RCRA program including the LDR program. UDSHW adopted EPA’s RCRA characteristics and lists of
hazardous wastes. Because Deseret Chemical Depot and DPG have missions associated with chemical
agents, the UDSHW modified its regulations under R315-2-11 to add chemical agents and associated
wastes as hazardous wastes within the state in July, 1988. In addition, under R315-2-10, UDSHW
included residues from demilitarization, treatment, and testing of the chemicals identified in R315-2-11.
At that time, no management standards, such as LDR treatment standards, were developed. In February
1995, the UDSHW announced a regulatory initiative to re-examine its current hazardous waste listings
for chemical agent wastes and to establish LDR treatment standards for chemical agent wastes as part of
the Utah Chemical Agent Rule (UCAR). This initiative is called the proposed rule.

The chemical agent waste streams include agents that become wastes, and wastes that result from
treatment of agent. This report assesses the effectiveness of neutralization to treat the various chemical
agent waste streams to or below the proposed LDRs identified for the chemical agents. There are two
types of LDR treatment standards; technology-based or concentration-based. Where a technology-based
standard applies, wastes must be treated by that technology. Where a concentration-based standard
applies, wastes must be treated to meet concentrations established for hazardous constituents. The
primary advantage of the technology-based standard is that wastes do not need to be analyzed to prove
that treatment standards have been met; the primary advantage of the concentration-based standard is
that the facility has great {atitude to determine the most appropriate technology to apply to treat the
waste, including emerging and innovative technologies.

An innovative approach has been established with respect to these standards. Both technology- and
concentration-based standards are proposed for the same listed waste streams and both standards are to
be established based on risk. The U.S. Army (Army) would be permitted to choose which standard
would be applied to specific listed waste streams. Using this approach, protection of human health and
the environment is ensured, while repeated and expensive analyses are avoided. Another advantage of
this approach is that, when emerging and innovative technologies become available, the rule would
permit their use as long as the concentration-based standards are met.

Concentration-based LDR standards have not been finalized at this time. They are being developed by
the U.S. Army Center for Health Promotion and Preventative Medicine using U.S. Environmental
Protection Agency risk assessment methodology. Chemical agent-related waste streams at DPG are
presently being treated to the U.S. Army drinking water standards presented in Table 1.1-1. The
drinking water standards are more stringent than the proposed concentration-based LDR standards.
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Table 1.1-1

U.S. Army Drinking Water Standards

Drinking Water Standard

Chemical Agent (milligrams per liter)
Tabun (GA) 0.02
Sarin (GB) 0.02
Soman (GD) 0.02
O-ethyl S-[2(diisopropylamino)ethyl] methylphosphonothioate (VX) 0.02
Sulfur Mustard (HD) 0.20
Lewisite (L) 2.0

1.2 PURPOSE AND SCOPE

The purpose of this report is to provide information to support chemical neutralization as an effective
LDR treatment technology for chemical agent-related waste streams generated by Army chemical agent
operations at DPG.

The scope of this report is limited to review of documents available from the DPG Technical Library and
review of DPG data.

1.3 REPORT ORGANIZATION

The remainder of the Background Document for Chemical Neutralization as a Land Disposal Restriction
Treatment Technology for Chemical Agent-Associated Waste is organized in the following sections and

appendices:

¢

*

2.0 Industry Affected and Waste Characterization - This section introduces the
chemical agent-related industry at DPG which uses neutralization as a treatment
technology. It provides information concerning the industry affected, including a
description of processes at DPG and resulting waste streams, chemical agent properties
and reactions, and associated neutralization solutions.

3.0 Support for Chemical Neutralization of Chemical Agent Waste Streams as a Land
Disposal Restriction Treatment Technology - This section describes products of
neutralization of the chemical agents identified in Section 2.0 and presents data to be
used in determining if these neutralization procedures are “applicable” and can be
considered “demonstrated.”

4.0 Summary and Conclusions - This section briefly summarizes chemical
neutralization procedures, products, and concludes whether there is enough data to
consider neutralization procedures as “applicable” and “demonstrated.”

5.0 References - This section lists those references cited in this report.

Appendix A - This appendix contains a chemical structures dictionary.

Tables are presented in text as closely 1o the first reference as possible.
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2.0 INDUSTRY AFFECTED AND WASTE CHARACTERIZATION

DPG generates chemical agent-related waste as a result of its mission support activities. DPG’s mission
includes testing conventional munitions and weapons systems and determining the effects of the
chemical warfare agents and neutralization solutions on military equipment and supplies. Section 2.1
identifies DPG as the industry affected, discusses DPG chemical agent related generators and test
facilities, and identifies the DPG processes that generate chemical agent-related hazardous waste.
Section 2.2 characterizes the chemical agent and chemical agent-related wastes generated at DPG, briefly
discusses the neutralization process, and provides a description of chemical agent and associated
neutralization solutions.

2.1 INDUSTRY AFFECTED AND PROCESS DESCRIPTION

This section describes the DPG process for generating chemical-agent related waste streams, and

inctudes:

. DPG process description

* DPG chemical agent-related waste streams

2.1.1 Dugway Proving Ground Process Description

DPG generates chemical agent-related waste during fulfillment of its mission which includes developing
and testing attack deterrent capabilities, developing and testing methodss to protect personnel and
equipment from chemical agent attacks, determining the effects of chemical warfare agents, and
neutralization solutions on military equipment and supplies. The majority of the chemical agent-related
waste is generated during neutralization of materials involved in chemical agent testing. The remaining
chemical agent-related wastes that may be generated at DPG are associated with range-recovered
munitions, personal protective equipment, and spilled material and waste. Generators of chemical agent-
related waste at DPG are West Desert Test Center and the Directorate of Environmental Programs.
Table 2.1-1 presents a summary of the chemical agent-related hazardous wastes generated at DPG.
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Table 2.1-1 Summary of Chemical Agent-Related Wastes Generated at Dugway Proving Ground.

Generator Waste Material

West Desert Test Center Spent Neutralization Solution
Neutralized Solid Test Items (Neutralized Debris)
Mask Filters

Carbon Ventilation Filters

Ventilation Duct Work, High Energy Particulate Air Equipment

Filters and Prefilters

Range Recovered Munitions

Personal Protective Equipment

Directorate of Environmental Programs Spilled Material

Personal Protective Equipment

Investigation Derived Waste

Installation Restoration Program Waste

Miscellaneous Chemical Agent-related Wastes including spilled
wastes

Chemical agent testing is conducted at three sites:

. Building 3445
Materiel Test Facility (MTF), Building 8027
* Combined Chemical Test Facility (CCTF), Buildings 4156 and 4165

*

Building 3445 and the MTF are in the vicinity of the Carr Facility and are referred to as the Test
Chambers. The CCTF is located in the Ditto Technical Center.

2.1.2 Dugway Proving Ground Chemical Agent-Related Waste Streams

Chemical agent-related wastes generated at the Test Chambers and the CCTF are categorized as follows:

. Spent neutralization solutions - As part of the chemical agent test procedure, or for
housekeeping purposes, the equipment, supplies, and small volumes of excess agent are
neutralized with a solution appropriate for the chemical agent used during the test.
Neutralization solutions react with chemical agents to destroy them. This process is
described for each neutralization solution/chemical agent combination in Section 3.1.

. Neutralized solid test items - Solid test items are a variety of solids that become
contaminated with chemical agent as a result of the test operations. There are two
categories of neutralized solid test items. First, there are those solids that are being
directly tested (e.g., mask canisters, filters, mannequins etc.) Second, there are solids
which are ancillary to the test operation (e.g., personal protective equipment, expendable
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plasticware, glassware, paper towels).

] Other solid wastes - Other solid wastes are generated as part of the normal maintenance
operations at the Test Chambers and CCTF. These wastes include construction or
maintenance debris, and ventilation system wastes such as prefilters, high efficiency
particulate filters, activated carbon filters. plenums and duct work.

Waste streams that are not associated with the chemical agent test procedures include wastes generated
as the result of a chemical agent-related spill, a remedial investigation, or installation restoration
activities.

2.2 CHEMICAL AGENT CHARACTERIZATION AND CHEMICAL NEUTRALIZATION
SOLUTIONS

Chemical agents tested at DPG fall into two categories: nerve agents and blister (vesicant} agents. Each
category contains several chemical agents. The list includes the U.S. Army acronyms with their alternate
names (Department of the Army Pamphlet 385-61, 1997). Chemical agents tested at DPG are listed in
Table 2.2-1 by category.

Table 2.2-1. Chemical Agents Tested at Dugway Proving Ground.

Chemical Agent Chemical Agent
Category Acronym Alternate Chemical Agent Names
Nerve Agents GA Tabun: O-ethy| N.N-dimethylphosphoramidocyanidate
GB Sarin: O-isopropy Imethylphosphonofluoridate
GD Soman; O-pinacolyImethylphosphonofluoridate
TGD GD thickened with a polymer
GF Cyclohexy Imethylphosphonofluoridate
VX O-ethyl S-{2-(diisopropylamino)ethy|]methylphosphonothioate
Vx O-ethyl 5-{2-(dimethylamino)ethylJmethylphosphonothioate
Blister Agents H Levinstein Mustard: Sulfur Mustard
HD Distilled Levinstein Mustard
HL Mustard-Lewisite Mixture
HT 60% HD and 40% Bis-(2-{chloroethylthio))ethy! ether Mixture
HQ 75% HD and 25% 1.2-bis(2-chloroethylthio)ethane mixture
L Lewisite: Dichloro(2-chlorovinvljarsine
HN-1 2.2"-Dichlorotricthylamine; Nitrogen Mustard
HN-2 2.2’-Dichlorodiethy Imethylamine: Nitrogen Mustard
HN-3 2,272 " -Trichlorotriethylamine; Nitrogen Mustard
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Seven chemical neutralization solutions are routinely used at DPG (AGEISS, 1997). They can be
separated into two categories based upon the type of neutralization reaction. One category of chemical
neutralization reactions is oxidation. The hypochlorite bleaches neutralize by oxidation. The other
important neutralization reaction is alkaline hydrolysis, which proceeds by the reaction of hydroxide ion
with the chemical agents. Alkaline hydrolysis reaction pathways and rates depend upon pH, temperature,
and solvent. At an alkaline pH hypochlorite solutions act universally against the nerve agents and HD by
providing both oxidation and alkaline hydrolysis (US Army Medical Research Institute of Chemical
Defense, 1995). Table 2.2-2 presents the seven chemical agent neutralization solutions routinely used at

DPG.

Table 2.2-2.

Chemical Neutralization Solutions Routinely Used at Dugway Proving Ground.

Neutralization Solution
Category

Neutralization Solution

Neutralization Solution Acronym and
Comments

Chlorinated Bleaches

{(Oxidation Reactions)

A minimum of 5% aqueous sodium
hypochlorite

NaOCl in water

10% Aqueous supertropical bleach
Supertropical bleach slurry

STB is calcium chlorchypochlorite
[CaCIl(OC1)] with some calcium oxide
[CaO] present

10% aqueous high test hypachlorite
High test hypochlorite slurry

HTH is calcium hypochlorite [Ca{OCI}.].
HTH contains twice the available chlorine
found in STB

Caustics Caustic alcohol solution A minimum of 10% sodium hydroxide
(Alkaline Hydrolysis 10% NaOH in alcohol [NaOH] in an 80/20 mixture of denatured
Reactions) ethanol (EtOH) and water

A minimum of 10% aqueous sodium

NaOH in water

hydroxide
A minimum of 10% aqueous sodium Na,CO, in water
carbonate
Concentrated ammonia NH.CH
The remainder of this section discusses the following topics:
. Properties and reactions of chemical agents under neutralization conditions

* Chemical neutralization solutions

2.2.1 Properties and Reactions of Chemical Agents Under Neutralization Conditions

This section describes the properties and reactions of the chemical agents tested at DPG. After some

general information about chemical agent properties and reactions, nerve agents and then blister agents
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will be discussed. In each chemical agent subsection, the Chemical Abstract Service Registry Number
(CAS Reg. No.), and synonyms are listed. Additional CAS Reg. Nos. are listed for some of the chemical
agents because some of the chemical agents exist as isomers. In such situations the first CAS Reg. No.
applies to the commonly produced mixture of isomers of that agent. The additional CAS Reg. Nos.
apply to individual isomers and to other mixtures. Structures for each chemical agent are presented in
Appendix A. The chemical reactions pertinent to neutralization are discussed, and tables of
environmentally relevant properties, as obtainable, are included.

The chemical agents are reactive molecules by design. They are capable of a variety of different types of
chemical reactions under different conditions that may result in different products of reaction. Key
reaction conditions for a particular agent may include pH, relative ratios of neutralization solution to
agent, the solvent system, the amount of stirring, and/or temperature. The following example
demonstrates the effect of the solvent system on the products of reaction. The reaction of VX with
hydroxide ion in water produces several products, one of them being a compound called S-(2-
diisopropylaminoethyl) methylphosphonothioic acid (EA 2192). EA 2192 is formed from VX at
medium and high pH. EA 2192 does not break down by further reaction with hydroxide ion. However,
experiments with a VX simulant indicate that the same materials (VX + hydroxide ion) reacted in a
solution of 90% ethanol (EtOH) would not produce EA 2192 because in EtOH the reaction favors a
different reaction pathway. The reaction of distilled Levinstein Mustard (HD) with hydroxide ion is an
example of the effect of stirring on the products of reaction. When a large volume of HD was added to
2.5 times its volume of concentrated sodium hydroxide solution and left unstirred for a month, at least 25
compounds formed and some of the HD was left unchanged. However, when HD is stirred with a
twenty-fold volume of sodium hydroxide solution it reacts to form thiodiglycol. Chemical neutralization
practices therefore include excess sodium hydroxide solution and stirring.

2.2.1.1 General Chemistry of the Nerve Agents

The nerve agents have similar properties because they all contain a phosphorus atom with four
substituents around it. The differences between the nerve agents are the result of different substituents
around the central phosphorus atom. The tetracoordinated phosphorus atom may be represented
generally as follows:

R—P—X

l
o—Y

where Q is oxygen, and the other substituents are given in Table 2.2-3.
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Table 2.2-3. Nerve Agent Substituents.
Chemical
Agent R Y X
GA Dimethylamino group Ethyl group Cyano group
- N(CH,), — CH,CH; (CN)

GB Methyl group Isopropyl group Fluorine
-CH, — CH(CH,), (F)

GD Methyl group Pinacolyl group Fluorine
- CH, - CH{CH,)}C(CH,), (F)

GF Methyl group Cyclohexyl group Fluorine
- CH, - CHyy (F)

VX Methyl group Ethyl group N,N-diisopropylmercaptoethyl
- CH, -~ CH,CH, group

- SCH,CH,N(IC,H,),

One of the important reactions of the nerve agents is a second-order nucleophilic substitution (S42)

reaction (also called an addition-elimination reaction) at the tetracoordinate phosphorus (Jody et al.,

1983). The nucleophile, an ion with a stronger affinity for the phosphorus atom than one of the other

bonded groups, displaces the group with the weakest affinity. In the case of alkaline hydrolysis the

<l

hydroxide ion acts as a nucleophile to displace the “X” groups in Table 2.2-3. The Sy2 reaction proceeds

through a pentacoordinate intermediate:

0
I

OH+R—P—X =

}
o—Y

In the case of phosphonate esters, of which the nerve agents are an example, the rates of hydroxide ion
(OH") displacement of the leaving group can be correlated fairly closely with the pKa of the displaced
anion (Epstein, 1., et al,, (1974) cited in Jody, et al., 1983). The correlation of hydrolysis reaction rate

o

/
R

O0—Y

O
Il

HO-P--X < HO—P—R + X

I
0-—-Y

with pKa holds up well for the G-agents. It does not apply as well to VX with its multiple reaction

pathways (Yang, et al., 1992). S,2 hydrolysis is the principal neutralization reaction for the G agents,

and it is one of the reaction pathways open to VX.

Durst and coworkers (1988) discussed the kinetics of alkaline hydrolysis of the nerve agents in their

report. They noted that the rate of hydrolysis in aqueous base will have contributions from water, and
from hydroxide reacting with the agent. Because the hydrolysis is an S,2 reaction, the rate equation will

take a second-order form:

rate = k,[H,O][agent] + k,fOH"][agent]

1 GOO8/T24/DECON/DRAFT/SECT2.DOC

Rev. 7/23/98:4.25 PM



Because water is present in large excess and its concentration is not significantly changed by the reaction
with agent, the concentration of water behaves like a constant in the rate equation. That allows the

equation to be rewritten as:

rate = Kk, ,...[agent] + ko, [OH )[agent]
and factored to become:

rate = (kuxo + kou[OH']) [agent]

Experimental studies have shown k,,,o to be a very small term compared to koy[OH'] under the high pH
conditions of alkaline hydrolysis. In view of that, the equation can be simplified to the form commonly
used to describe the rate of alkaline hydrolysis of the nerve agents:

rate = ko [OH'][agent]

Alkaline hydrolysis of the nerve agents commonly is carried out at high pH with an excess of chemical
neutralization solution. Thus. for a particular neutralization process the [OH'] is present in large excess
and its concentration is not significantly changed by reaction with the agent. This allows the equation for
neutralization at a particular pH to be further simplified by treating ko, [OH] as a constant for that pH.
Setting ko, [OH'] = k,, the equation becomes “pseudo first-order™:

rate = k,,, [agent]

One advantage of a first-order reaction is that its half-life which is the time for one-half of the starting
material to disappear is independent of concentration and can be calculated from the following equation:
t; = (In 2)/k, = 0.693/k,,,
With experimentally determined kg, values for the different nerve agents the rate of neutralization by
alkaline hydrolysis can be predicted for those agents at different pH levels. In practice, the rate constants

sometimes include a temperature correction term to allow prediction of neutralization rates at different
temperatures.

Table 2.2-4 gives the experimentally determined values for kg, for four nerve agents along with the
corresponding half-lives at pH = 12 (Durst, et al., 1988).
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Table 2.2-4 Half-Lives of Nerve Agents.

Chemical Agent Koy (M sec) t,, (sec) at pH = 12
GA 7.5 9.2
GB 25 3
GD 10 7
vX 0.083 8315

According to Table 2.2-4, it would take three seconds to reduce the concentration of GB from 1
mole/liter to 0.5 mole/liter. It also would take three seconds to reduce the concentration of GB from 0.01
mole/liter to 0.005 mole/liter.

In general, the time required for neutralization of an agent by alkaline hydrolysis to a specific level can
be estimated using the half-life of the neutralization reaction. A value for the half-life is obtained using
the assumptions reviewed in the preceding paragraphs:

* The contribution of water to the hydrolysis process is assumed to be very small in
comparision to the contribution of the hydroxide ion

* The hydroxide ion is assumed to be present in such excess that its concentration is not
reduced significantly by the neutralization process

The following example is of an “agent” with a molecular weight of 100 and an adequate excess of
hydroxide ion. Starting with an initial quantity of 100 grams of chemical agent, 50 grams would be left
after one half-life had elapsed. At the end of the second half-life 25 grams would remain. The quantity

1

remaining after “n” half-lives is given by the relationship:
Quantity Remaining = (Initial Quantity)/2"~ 100/2"

Table 2.2-5 tracks the amount of “agent” remaining through ten half-lives with values for 15 and 20 half-
lives as well (Durst, et al., 1988).
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Table 2.2-5 Quantity of Chemical Agent Remaining After the Specified Number of Half-lives.
initial Quantity (grams) Half-Lives Quantity Remaining (grams) % Destroyed
00 0 100 0
100 | 50 50
50 2 25 75
25 3 12.5 87.5
12.5 4 6.25 93.75
6.25 5 3.125 96.875
3.125 6 1.5625 98.4375
1.5625 7 0.78125 99.21875
0.78125 8 0.390625 99.609375
0.390625 9 0.1953125 99.804687
0.1953125 10 0.0976562 99.902343
0.0061035 15 0.0030517 99.996946
0.0001907 20 0.0000953 99.999899

It can be seen that exposure to neutralization solution for 10 half-lives achieves 99.9% destruction of
agent, while exposure for 20 half-lives achieves 99.9999% destruction.

2.2.1.2 General Chemistry of the Blister Agents

The blister agents {vesicants) neutralized at DPG fall into three categories: the sulfur mustards (H/HD,
HT, and HQ), the nitrogen mustards (HN-1 and HN-3), and Lewisite. They have similar properties
because they are lipid soluble and because of the structural relationship between the chlorine atom(s} and
the neighboring hetero-atom; sulfur, nitrogen or arsenic. In the commonly used blister agents the
chlorine atoms are separated from the hetero-atom by two carbon atoms. However, the relationship
between structure and vesicancy is not simple. For example, mustard with the formula (CICH,CH,),S is
a potent blister agent while the disulfide, (CICH,CH,).S,, and higher polysulfides, (CICH,CH,),S,, are
much less potent.

The neutralization of blister agents also is complicated. The hydrolysis of HD is highly dependent upon
the reaction conditions. Under ideal conditions (a large excess of water, high pH, and adequate stirring)
HD can be hydrolyzed almost exclusively to thiodiglycol and chloride ion. Departure from those
conditions can result in a variety of reaction products (Rosenblatt, et al., 1995). For that reason
hydrolysis is not recommended for the neutralization of the sulfur mustards. The pH plays an important
role in determining the products from the hydrolysis of the nitrogen mustards (Yurow and Davis, 1982)
and of Lewisite (Durst, et al.,, 1988). The nitrogen mustards and Lewisite can be neutralized successfully
by alkaline hydrolysis at a sufficiently high pH. Because of the difficulties with hydrolysis of the sulfur
mustards, hypochlorite oxidation is the neutralization process commonly used for that group. Yurow and
Davis (1982) have stated that the stoichiometry of the hypochlorite oxidation of HD is indefinite because
of the many products formed. An excess of hypochlorite is necessary for complete reaction. Significant
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heat is produced during the reaction (Yurow and Davis, 1982). J. B. Samuel and co-workers (1998)
recently found that a mole ratio of 1:5 to 1:14 for HD:hypochlorite is necessary to complete the
neutralization process. The outcome also depends upon the pH.

In summary, the physiological action and neutralization of the blister agents do not fit a straightforward
pattern. The sulfur mustards (H/HD, HT, and HQ) have some common characteristics as do the nitrogen
mustards (HN-1 and HN-3). Otherwise, it is necessary to consider the blister agents individually.

2.2.1.3 GB (Sarin)
CAS Reg. No.: 107-44-8 (also 50642-23-4, 6171-93-3, 6171-94-4)

Synonyms:

Methyl-isopropyl ester phosphonofluoridic acid
Methyl-1-methylethyl ester phosphonofluoridic acid
Isopropy! methylphosphonofluoridate

Isopropy! ester of methylphosphonofluoridic acid
Methylisopropoxyfluorophosphine oxide
[sopropy! methylfluorophosphonate

O-Isopropyl methylphosphonofluoridate
Isopropyl ester methylfluorophosphonic acid
Isopropoxymethylphosphonyl fluoride

Zarin

EAI1208

Properties:

GB is fairly volatile, and therefore is a relatively nonpersistent nerve agent. It evaporates at about the
same rate as water (Field Manual 3-9, 1990). Table 2.2-6 summarizes additional environmentally
relevant data concerning GB {Rosenblatt, et al., 1995).
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Table 2.2-6. Environmentally Relevant Properties of GB.

Property Data Data Quality Reference

Empirical Formula C,H,FO.P Not Applicable

Molecular Weight 140.1 g/mol Not Applicable

Liguid Densiry 1.0887 g/mL at 25°C Good Samuel, et al., 1983, cited in
Rosenblat, et al., 1995

Melting Point -56.9°C Fair Samuel, et al., 1983, cited in
Rosenblau, et al., 1995

Boiling Point 157.8°C Good Samuel, et al., 1983, cited in
Rosenblatt, et al., 1995

Heat of Vaporization 80.66 cal/g Good Samuel, et al., 1983, cited in
Rosenblatt, et al., 1995

Vapor Pressure (torr) 2.94/25°C Good Samuel, et al., 1983, cited in
Rosenblatt, et al., 1995

Log Kow 0.15(2) Poor Britton and Grant, 1988, cited in
Rosenblatt, et al.. 1995

Aqueous Solubility (g/L) Miscible in all Good Field Manual 3-9, 1990

proportions.

K, (atm-m'/mol) 4.0x 107/25°C Poor Preston and Starrock, 1993, cited in
Rosenblat, et al., 1995

Diffusion Coefficient (air) 0.061 cm*/s at 25°C Fair Samuel, et al., 1983, cited in
Rosenblati, et al., 1995

Log Ko 0.45 Poor Rosenblatt, et al. (1995)

1.8 Not Available Small, 1984, cited in Rosenblatt, et
al., 1995
Reactions:

GB is infinitely soluble in water and will hydrolyze under acidic, neutral, and basic conditions. The rate
of hydrolysis is slowest in the pH range 4 to 6. It has a hydrolytic half-life of about 160 hours at pH 5
and 25 degrees Celsius (°C). The rate of hydrolysis becomes more rapid below pH 4 and above pH 6,
increasing rapidly with increasing hydroxide ion concentration. When large amounts of GB are added to
distilled water, the observed hydrolysis rate first decreases but increases once the pH has dropped
through the minimum reaction rate range and acid catalysis begins to take effect (Clark 1989, cited in

Rosenblatt, et al.,, 1995). The second-order rate constant for the hydroxyl ion catalyzed hydrolysis of GB
is:

log k. (M min") = 9.8507 - (1,985.4/T,)

At 25 °C and at pH 10 the half life of GB is 5 minutes (Demek, et al., 1970, cited by Rosenblatt, et al.,
1995).

The alkaline hydrolysis products of GB are fluoride ion and the sodium salt of isopropyl
methylphosphonic acid (IMPA).
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GB + 2 NaOH -> Na[IMPA] + NaF +H,0
where: Na[IMPA] is the sodium sait of IMPA

The heat of reaction {enthalpy) is -44.4 kilocalories per mole (kcal/mol) (Davis, et al., 1979).
Thermodynamic calculations predict substantially complete conversion of GB to IMPA. The calculated
equilibrium constant is log K., = 21.9 based upon a free energy of -30,000 cal/mol. Nuclear magnetic
resonance spectroscopy (NMR) data confirm that IMPA is the sole phosphorus-containing product of the
alkaline hydrolysis of GB down to 0.5% (Durst, et al., 1988),

When GB is neutraiized with 5.25% NaQOCI in water, the reaction is an alkaline hydrolysis and the
products are the sodium salt of IMPA and flouride ion (Durst, et al., 1988). The second-order rate
constant for this reaction is larger (10 M"' sec”' at 25°C) than that for hydrolysis with OH". This is
attributed to the catalytic effect of hypochlorite (OC1) upon the reaction. When large amounts of GB are
neutralized with hypochlorite, additional hydroxide must be added to the hypochlorite solution to
maintain the pH (Yurow and Davis, 1982).

Because of the sensitivity of GB to hydrolysis there has been a problem with it decomposing in
munitions. N,N’-diisopropylcarbodiimide and/or tributylamine have been added as stabilizers. Up to
0.5% of the starting material, methylphosphonic difluoride, and some diisopropylmethylphosphonate
(DIMP), an impurity, also may be present in weapons grade GB. The N,N"-diisopropylcarbodiimide
hydrolyzes to N,N -diisopropyl urea (Rosenblatt, et al., 1995). Tributylamine is unaffected by aqueous
hydroxide. Methylphosphonic difluoride hydrolyzes rapidly at high pH to form the ions of
methylphosphonic acid (MPA) and flouride. The dialkyl ester, DIMP, undergoes slow hydrolysis at high
pH to form the monoalkyl ester, isopropylmethylphosphonic acid. Similar stabilizers and impurities may
be associated with the other G-agents (Rosenblatt, et al., 1995).

2.2.1.4 GA (Tabun)
CAS Reg. No.: 77-81-6 (also 93957-08-5, 93957-09-6)

Svnonvms:

Ethyl NN-dimethylphosphoramidocyanidate

Ethyl dimethylplosphoramidocyanidate
Dimethylaminoethoxy-cyanophosphine oxide
Dimethylamidoethoxyphosphoryl cyanide

Ethyl dimethylaminocyanophosphonate

Ethyl ester of dimethylphosphoroamidocyanidic acid
Ethy] phosphorodimethylamidocyanidate

EA1205
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Properties
Table 2.2-7 presents the environmentally relevant properties of GB (Field Manual 3-9, 1990). The data
quality of these properties has not been evaluated.

Table 2.2-7. Environmentally Relevant Properties of GA.,

Property Data Reference
Empirical Formula C,H, N,O,P Field Manual 3-9, 1990
Molecular Weight 162.13 g/mol Field Manual 3-9, 1990
Liquid Density 1.073 g/mL at 25°C Field Manual 3-9, 1990
Melting Point -50°C Field Manual 3-9, 1990
Boiling Point 240°C Material Safety Data Sheet for GA

220°C to 246°C/760 mm Hg Field Manual 3-9, 1990
Heat of Vaporization 79.56 cal/g Field Manual 3-9, 1990
Vapor Pressure 0.037mm Hg at 20°C Field Manual 3-9, 1990
Log Kow Not Available Not Available
Aqueous Solubility 9.8% at 25°C Field Manual 3-9, 1990
7.2% at 20°C
K, (atm-m*/mol) Not Available Not Available
Diffusion Coefficient Not Available Not Available
(air) {(¢cm¥/s)
Log Koc Not Available Not Available
Volatility 858 mg/m” at 30°C Field Manual 3-9, 1990
610 mg/m’ at 25°C
328 mg/m’ at 20°C
90 mg/m’ at 0°C

Reactions:

The reaction of GA is similar to that of GB, GD, and GF. GA is reacted with an excess of OH" in water
to produce the anion of ethy! dimethylaminophosphonic acid and cyanide ion. The equatton for the
reaction of GA with NaOH is:

GA +2NaOH = Na[ethyl dimethylaminophosphonate] + NaCN + H,0

where: Na[ethyl dimethylaminophosphonate] is the sodium salt of ethyl
dimethylaminophosphonic acid
NaCN is sodium cyanide

The pseudo first-order rate constant for the hydrolysis of GA by hydroxide ion has been reported as 0.02
min "' at pH 9.5 and 25°C. The associated heat of reaction has been reported as -10.1 kcal/mole. Under
acidic conditions the hydrolysis of GA produces dimethylamine (Yurow, 1988). NMR has confirmed the
disappearance of GA and the appearance of the anion of ethyl dimethylaminophosphonic acid (Durst, et
al,, 1988). When sufficient quantities of GA are neutralized using aqueous hydroxide, it becomes
necessary to destroy the cyanide ion that is produced to prevent formation of hydrogen cyanide (HCN) if
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the solution is acidified. After neutralization is complete treating the solution with hypochlorite will

coavert the cyanide to nitrogen gas and carbonate ion ( Yurow and Davis, 1988).
2 NaCN + 5 NaOCl + 2 NaOH = N, + 2 Na,CO, + § NaCl + H,0

Alternatively, GA can be neutralized using a solution of hypochlorite. Both the cyano group and the
dimethylamino group are lost, producing the ethyl ester of phosphonic acid. The report did not identify
the other products of the products of the reaction (Durst, et al., 1988). Dimethyl amine may be a product.

2.2.1.5 GD (Soman)

CAS Reg. No.: 96-64-0 (also 22956-47-4, 22956-48-5)

Synonyms:
Pinacolyl methylphosphonofluoridate

EA1210

Properties:
GD has a solubility of 2.1% in water at 26° C, significantly less soluble than GB. GD is a less volatile,

and therefore a more persistent, agent than GB. It evaporates at about one-fourth the rate of water (Field
Manual 3-9, 1990). Table 2.2-8 presents additional environmentally relevant data concerning GD
(Rosenblatt, et al., 1995).
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Table 2.2-8.

Environmentally Relevant Properties of GD.

Property Data Data Quality Reference
Empirical Formula C.H,,FO,P Not Applicable
Molecular Weight 182.18 g/mol Not Applicable
Liquid Density 1.0223 g/mL at 25°C Good Samue), er al., 1983 cited in
Rosenblatt, et al., 1995
Melting Point -42°C Fair Samuel, et al., 1983 cited in
Rosenblatt, et al., 1995
Boiling Point 197.8°C Good Samuel, et al., 1983 cited in
Rosenblan, et al., 1995
Heat of Vaporization 72.5 cal/g Good Samuel, et al., 1983 cited in
Rosenblatt, et al., 1995
Vapor Pressure (torr) 0.40/25°C Good Samuel, et al., 1983 cited in
0.274.20°C Good Rosenblatt, et al., 1995
Material Safety Data Sheet for
GA
Log Kow 1.02 Poor Britton and Grant, 1988, cited
1.79 Not Available in Rosenblatt, et al., 1995
1.60 Not Available Rosenblatt, et al., 1995
Rosenblatt, et al., 1995
Aqueous Solubility 34 g/L at0°C Fair Edgewood Arsenal, 1974,
21 g/L at 20°C Fair cited in Rosenblatt, et al., 1995
Samuel, et al., 1983 cited in
Rosenblan, et al., 1995
K, {(atm-m’/mol) 3.1 x 10°%20°C Poor Rosenblan, et al., 1995
Diffusion Coefficient (air) | 0.047 cm?/s at 25°C Fair Samuel, et al., 1983 cited in
Rosenblatt, et al_, 1995
Log Ko 1.17 Poor Rosenblatt, et al., 1995

Reactions:

The hydrolytic half-life of GD is longest in the pH range of 4 to 7, about 144 hours at pH 5 and 20°C.
The rate of hydrolysis increases in more alkaline or more acidic solutions. When large amounts of GD
are added to distilled water, the observed hydrolysis rate first decreases but increases once the pH has
dropped through the minimum reaction rate range and acid catalysis begins to take effect (Clark, 1989,

cited in Rosenblatt, et al., 1995). The observed hydrolysis rate constant at 25°C, exclusive of buffer
effects, is:

Kopy (N = 0.0047 + 33 [H30"] + 5x10* [OH') (Healy, 1948, cited in Rosenblatt, et. al., 1995)

The half-life of GD in excess 5% aqueous sodium hydroxide is 0.08 hr at 20° C. The heat of reaction is
estimated 1o be similar to that of GB (-44.4 kcal/mole) because fluorine is the leaving group in both cases
(Yurow, 1988). The alkaline hydrolysis of GD produces the anion of pinacolyl methylphosphonic acid
(PMPA) and flouride ion. NMR data confirm that the anion of PMPA is the sole phosphorus-containing
product of the alkaline hydrolysis of GD down to 0.5% (Durst, et al., 1988).
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GD + 2NaOH > Na[PMPA] + NaF + H,0
where: Na[PMPA] is the sodium salt of PMPA.

Because GD is comparatively insoluble in water the use of a solvent mixture consisting of a small
proportion of water and a large proportion of methanol (or another alcohol) can increase the solubility,
and therefore the effective rate of neutralization. The alcohol in solution does not significantly inhibit
the reactivity of GD or the other G-agents with hydroxide ion. The solution of hydroxide in methanol
forms methoxide ion. The methoxide ion also reacts as a nucleophile to attack the central phosphorus
atom to form the ester, methyl pinacolyl methylphosphonate. This ester eventually undergoes hydrolysis
to form PMPA and perhaps some methyl methylphosphonic acid (Rosenblatt, et al., 1995).

When GD is neutralized with 5.25% NaQCI in water, the reaction is an alkaline hydrolysis and the
products are the anion of pinacolyl methylphosphonic acid and fluoride ion (Durst, et al., 1988). Though
the rate constant for this reaction has not been determined, it is expected to be similar to that for the
analogous GB reaction (Rosenblatt, et al., 1995).

22.1.6 TGD
CAS Reg. No.: Not Available.
Synonvms: None.

Properties:
TGD is GD thickened with a polymer. UCON 75-H-90,000 is a polyethylene glycol derivative that has

been used to thicken GB, a related G-agent (Angelotti, et al., 1955). Thickeners are added to GD to
increase persistence in the field. In general, thickened agents form large droplets that provide a greater
concentration reaching the ground and a greater contact hazard than the unthickened forms (Field
Manual 3-9, 1990). The environmentally relevant properties of TGD are the same as GD.

Reactions:

Yang and coworkers (1992) have noted that an organic solvent often is added to an aqueous
neutralization solution to improve solubility of thickened agents. The neutralization reaction remains the
same for the thickened agent after it is in solution. However, many of the oxidation and substitution
reactions become slower as the solvent polarity decreases.
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22.1.7 GF

CAS Reg. No.: 329-99-7

Synonyms:

Cyclohexylmethylphosphonofiuoridate

O-cyclohexyl-methylflucrophosphonate

EA 1212

Properties:

The nerve agent, GF, is a slightly volatile liquid, approximately 20 times more persistent than GB. It is
almost insoluble in water. Table 2.2-9 presents the environmentally relevant properties of GF (Field

Manual 3-9, 1990). The quality of the data are unavailable for the properties of GF.

Table 2.2-9. Environmentally Relevant Properties of GF.

Property Data Reference
Empirical Formula CH FO,P Field Manual 3-9, 1990
Molecular Weight 180.2 g/mol Field Manual 3-9, 1990
Liquid Density 1.1327 g/mL Field Manual 3-9, 1990
Melting Point -30°C Field Manual 3-9, 1990
Beiling Point 239°C Field Manual 3-9, 1990
Heat of Vaporization 90.5 cal/g Field Manual 3-9, 1990
Vapor Pressure 0.044 mm Hg a1 20°C Field Manual 3-9, 1990
Log Kow Not Available Not Available
Aqueous Solubility 0.37% a1 20°C Field Manual 3-9, 1990
K, (atm-m*/mol) Not Available Not Available
Diffusion Coefficient Not Available Not Available

(air) {(cm¥s)
Log Ko Not Available Not Available
Volatility 438 mg/m’ at 20°C Field Manual 3-9, 1990
581 mg/m’ at 25°C
Reactions:

Lintle information concerning reactions of GF was found. Based upon similarities in structure to GB and

GD, it is expected to hydrolyze rapidly in alkaline solution according to the reaction:

GF + 2 NaOH - Na[cyclohexyl methylphosphonate] + NaF + H,O

where: Na[cyclohexyl methylphosphonate] is the sodium salt of cyclohexyl methyiphosphonic
acid

By comparison to GB and GD, the reaction is expected to be exothermic and at pH 12 its half-life is
expected to be in the range of the half-lives of GB (3 seconds) and GD (7 seconds) at that pH.
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22.1.8 VX

CAS Reg. No.: 50782-69-9 (also 65143-05-7, 65167-63-7, 65167-64-8)

Synonyms:

Methyl-S-(2-bis(1-methylethylamino)ethyt) O-ethylphosphonothioic acid

O-ethyl-S-(2-diisopropylaminoethyl} methylphophonothioate
S-2-diisopropylaminoethyl O-ethyl methylphosphonothioate
S-2 (2-diisopropylamino)ethyl O-ethyl methylphosphonothioate
O-ethyl-S-(2-diisopropylaminoethyl) methylphosphonothioate
O-ethyl-S-(2-diisopropylaminoethyl) methylthiolphosphonate

EA 1701
TX60

Properties:

VX is more persistent than the G-agents because of its lower vapor pressure. Its evaporation rate is

about 1/1,500 that of water {Field Manual 3-9, 1990).

Table 2.2-10 presents the environmentally relevant properties of VX (Rosenblatt, et al., 1995).

Table 2.2-10.

Environmentally Relevant Properties of VX,

Er—

Property Data Data Quality Reference
Empirical Formuta C, H, NO.PS Not Applicable
Molecular Weight 267.38 g'mpl Not Applicable
Liquid Density 1.0083 g2'mL at 25°C Good Samuel, et al., 1983, cited in
Rosenblatt, et al.. 1995
Melting Point -50°C Fair Samuel, et al., 1983, cited in
Rosenbtatt, et al.. 1995
Boiling Point 298.4°C Good Samuel, et al_, 1983, cited in
Rosenblatt. et al.. 1995
Heat of Vaporization 80.8 cal/g Good Samuel. e1al., 1983, cited in
Rosenblatt, et al., 1995
Vapor Pressure {torr) 6.2 x 107/25°C Good Samuel, et al.,, 1983, cited in
Rosenblatt. et al., 1995
Log Kow 2.36 (Estimate) Poor Britton and Grant, 1988, cited in
2.09 {Estimate) Poor Rosenblatt, et al., 1995,
1.992 (Estirnate) Poor Small, 1984, cited in Rosenblatt,
ctal., 1995.
Sage and Howard, 1989, cited in
Rosenblatt. et al.. 1995,
Aqueous Solubility 30g/L at 25°C Fair Edgewood Arsenal, 1974, cited in
Rosenblatt. et al.. 1995
K, {(atm-m*/mol) 7.2x107/25°C Poor Rosenblatt, et al., 1995
Diffusion Coefficient {air) 0.034 ¢cm/s a1 23°C Fair Samuel, et al., 1983, cited in
Rosenblatt. et al., 1995
Log Koc 1.18 Poor Sage and Howard, 1989, cited in
2.5 Not Available Rosenblatt, ¢t al.. 1995.

Small. 1984, cited in Rosenblatt,
et al.. 1995.
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Reactions:

VX hydrolysis rates are slower than those of the G-agents. For example, at pH 10 and 25°C the half-life
of VX in water is 40.5 hours (Epstein, et al., 1974, cited in Rosenblatt, et al., 1995) compared to 5
minutes for GB. The same source reported a half-life of 2.5 hours for the hydrolysis of VX in water at
pH 12 at 25°C. At pH 5 and 25°C the half-life of VX in water is 2,342 hours compared to 160 hours for
GB. (Clark. 1989, cited in Rosenblatt, et al., 1995).

VX is not subject to acid catalyzed hydrolysis but does undergo water-mediated and hydroxy! ion-
catalyzed hydrolysis. The hydrolysis of VX proceeds by multiple pathways and results in a more
complex set of products than the hydrolysis of the G-agents. Across the pH range the P-S bond is
cleaved to give two primary products: ethylmethylphosphonic acid (EMPA) and 2-
diisopropylaminoethanethiol (DESH). Bis(2-diisopropylamincethyl) disulfide (EA 4196) is formed by
air oxidation of DESH (Small, 1984, cited in Rosenblatt, et al., 1995). In the middle and higher pH
ranges additional reaction pathways contribute to the mix of hydrolysis products. In addition to P-S
bond cleavage, the P-O-C bond to the ethoxy group and the C-S bond also are broken (Epstein, et al.,
1974, cited by Rosenblatt, et al., 1995). The product of ethoxy group cleavage, EA 2192, is
comparatively stable towards hydrolysis (Sage and Howard, 1989, cited in Rosenblatt, et al., 1995).
Yang and coworkers (1992) demonstrated that up to 13% percent EA 2192 formed during the hydrolysis
of VX even in aqueous 0.1 M NaOH. Szfraniec and coworkers confirmed that 17% EA 2192 formed in
aqueous 2.0 M NaOH (1993, cited in Rosenblatt, et al., 1995). Finally, C-S bond cleavage in the neutral
pH range results in the formation of O-ethyl methylphosphonothioic acid, diisopropylaminoethyl sulfide
and possibly other minor products (Epstein, et al., 1974, and Yang, et al., 1990 cited in Rosenblatt, et al.,
1995).

The NMR data presented by Durst and coworkers (1988) show the formation of EA 2192 from VX in
10% alcoholic sodium hydroxide.

The neutralization of VX also is complicated by its low solubility in water. It is a weak acid and
therefore less soluble at higher pH, the region of faster reactions. At lower (more acidic) pH the
protonated form of VX is more soluble, but the reaction rate with water is much slower {(Rosenblatt, et
al., 1995). The neutralization of VX has been investigated in a solution of 2 M NaOH with 10%
isopropanol added to improve the solubility of VX. A 0.05 M solution of VX formed 22% EA 2192
under those conditions (Yang, et al., 1990 cited in Rosenblatt, et al., 1995).

Further studies of the alkaline hydrolysis of a VX simulant (O, S-diethyl methylphosphonothioate) in
very high concentrations of alcohol indicate that such solutions favor P-S bond cleavage rather than P-
O-C bond cleavage. From this work with the simulant it is inferred that VX could be neutralized rapidly
without forming EA 2192 in strongly basic solutions of methanol or propanol that contain less than 10%

1"GO08/T24/DECON/DRAFT/SECT2 DOC
Rev. 7/23/98.4.25 PM

¥4

-19



water. This effect has been attributed to the hydrolysis of VX by the preponderance of alkoxide ion
present, and not to the decreased solvent polarity (Yang, et al., 1993b cited in Rosenblatt, et al., 1995).

Because of the sensitivity of VX to hydrolysis there has been a problem with it decomposing in
munitions. N,N’-diisopropylcarbodiimide or NN -dicyclohexylcarbidiimide have been added as
stabilizers to weapons grade VX (Rosenblatt, et al., 1995). Hydrolysis converts these stabilizers to N,N’-

diisopropylurea or N,N’-dicyclohexylurea, respectively (Rosenblatt, et al., 1995).

The products of the reaction of aqueous hypochlorite with VX vary with pH. At low pH hypochlorous
acid reacts with chloride ion to form chlorine:

HOCl + H* +CI' = Cl, + H,0
Also, at low pH the VX is protonated on the nitrogen, enhancing its solubility:
VX +H =2 VXH’
The chlorine reacts with the protonated VX to form EMPA and a sulfonic acid:
VXH' +3 Cl,+ 4 H,O - EMPA + Diisopropyltaurine + 6 HCl + H”

This reaction is thought to proceed in two steps. First the sulfur atom is oxidized then the P-S bond is
cleaved by hydrolysis to yield the products (Yang, et al., 1992, cited in Rosenblatt, et al., 1995).

At higher pH the nitrogen atom in VX is not protonated. The OCT is thought to attack the available
nitrogen, forming an N-oxide, then go on to oxidize the sulfur atom (Yang, et al., 1992). However, the
reactions of hypochlorite with VX in basic solution have not been defined completely. Durst noted the
possibility of toxic products forming at a pH below 11. With sufficient excess hypochlorite, the
stoichiometry of the reaction has been reported as the following equation by Durst and coworkers {(1988).

=

VX +9 OCl + 70OH - EMPA + Diisopropyl amine + 9 CI' + 5 H,0 + SO, + 2 COy
2219 Vx(*Vsubx™

CAS Reg. No.: 20820-80-8

Synonyms:

O-Ethyl-S-2-dimethylaminocethyl methylphosphonothioate
EA 1699
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Russian VX

Properties:
Vx, called “V sub x7, is a V-agent with properties similar to VX. It is nearly ten time more volatile than

VX, yet more persistent than the G-agents. The limited information available on this compound is
presented in Table 2.2-11. Some of the values are calculated (Field Manual 3-9, 1990). The quality of
the data presented in this table has not been evaluated.

Table 2.2-11. Environmentally Relevant Properties of Vx.

Property Data Reference
Empirical Formula C,H,,NC,PS
Molecular Weight 211.2 g/mol Field Manual 3-9, 1990
Liquid Density 1.062 g/cc at 25°C Field Manual 3-9, 1990
Melting Point Not Available Not Available
Boiling Point 256° C (approximate) Field Manual 3-9. 1990

Heat of Vaporization

67.2 calig

Field Manuzl 3-9, 1990

Vapor Pressure

0.0042 mm Hg at 20°C
0.0066 mm Hg at 25°C

Field Manual 3-9, 1990

Log Kgw Not Available Not Available
Aqueous Solubility Slightly soluble in water. Field Manual 3-9, 1990
Ky {(atm-m'/mol) Not Available Not Available
Diffusion CoefTicient Not Available Not Available
(air) (cm?/s)
Log Ko Not Available Not Available
Volatility 48 at 20° C Field Manual 3-9, 1990
75 mg/m® at 25° C
Reactions:

The neutralization reactions of Vx are expected to be similar to those of VX (Field Manual 3-9, 1990).

2.2.1.10 H/HD (Sulfur Mustard)

CAS Reg. No.: 505-60-2

Syvnonyms:
Bis (2-chloroethyl) sulfide

Bis (beta-chloroethyl) sulfide
1-Chloro-2 (beta-chloroethylthio) ethane
Beta, beta’ - dichlorodiethyl sulfide
2,2"-Dichlorodiethyl sulfide
Di-2-chloroethyl sulfide

Beta, beta’ - dichloroethyl sulfide
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2,27 - Dichloroethyl sulfide
EA 1033

Iprit

Kampstoff “Lost” -
Lost

Mustard Gas

Senfgas

S-lost

Sulphur Mustard Gas
S-yperite

Yellow Crocs Liquid

Y perite

Properties:
The two common mustard agents are:

* H - Levinstein Mustard - 70% bis(2-chloroethyl) sulfide with 30% sulfur-based
impurities
. HD - Distilled Mustard - bis (2-chloroethyl) sulfide

H was synthesized for military use mainly by the Levinstein process. In its simplest form the Levinstein
process is a reaction between sulfur monochloride and ethylene to produce mustard and elemental sulfur:

S,Cl, + 2 CH,=CH, > CI-CH,-CH,-S-CH,-CH,-Cl + §

This reaction is complicated by the fact that most of the elemental sulfur reacts to form a variety of
polysulfides. The Levinstein process produces mustard in a 70% yield, with the proportions of sulfur
and the polysulfide impurities depending upon reaction conditions (Rosenblatt, et al., 1995).

The sulfur impurities gave H a distinct odor. They also lowered its freezing point a few degrees, but
caused problems with storage. Therefore, a purification process consisting of washing and vacuum
distillation was used to produce HD from H (Field Manual 3-9, 1990). It has not been possible to find a
listing for the composition of a “typical” sample of H. Such a listing may not be available. Rosenblatt
and coworkers (1995), reported the results from analyzing the mustard from two old H munitions and a
storage container of HD. Because HD is distilled from H, the two mustards are often referred to as
H/HD, particularly when discussing properties and reactions.
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HD has a low solubility in water and a low rate of solution. Once the HD is dissolved in H,0, though, it
hydrolyzes rapidly. The hydrolysis of mustard proceeds via an Sy mechanism, very likely through a
cyclic sulfonium ion intermediate (Yang, et. al., 1992).

Table 2.2-12 presents the environmentally relevant properties of HD (Rosenblatt, et al., 1995).

Table 2.2-12.  Environmentally Relevant Properties of HD.

Property Data Data Quality Reference
Empirical Formula C,H,CLS Not Applicable
Molecular Weight 159.08 g/mol Not Applicable
Liquid Density 1.2685 g/mL at 25°C | Good Samuel, et al,, 1983, cited in Rosenblatt,
et al, 1995
Melting Point 14.445°C Good Penski, 1993, cited in Rosenblatt, et al.,
1995
Boiling Point 217.5°C Good Samuel. et al., 1983, cited in Rosenblatt,
etal, 1995
Heat of Vaporization 94.3 cal/g Good Samuel. et al., 1983, cited in Rosenblatt,
et al., 1995
Vapor Pressure (torr) 0.082s22°C Good Samuel, et al., 1983, cited in Rosenblan,
0.1059/25°C Good etal., 1995
Samuel, et al., 1983, cited in Rosenblatt,
et al., 1995
Log Kow 1.37 Good Rosenblatt, et al., 1995
2.026 Fair Sage and Howard, 1989, cited in
Rosenblat, et al., 1995
Aqueous Solubility 0.92 g/L at 22°C Fair Edgewood Arsenal, 1974, cited in
Rosenblatt, et al., 1995
K, (atm-m*/mol) 1.87 x 107 Fair Rosenblatt, et al., 1995
2.57x10° Fair Sage and Howard, 1989, cited in
Rosenblan, et al., 1995
Diffusion Coefficient 0.060 em/s at 25°C Fair Samuel, et al., 1983, cited in Rosenblatt,
(air) etal., 1995
Log Koc 2.0-2.1 Poor Sage and Howard, 1989, cited in
Rosenblart, et al., 1995

Reactions:

The nature of the hydrolysis products of HD is highly dependent upon the reaction conditions. Under
ideal conditions (a large excess of water, high pH, and adequate stirring) HD can be hydrolyzed almost
exclusively to thiodiglycol and chloride ion (Rosenblatt, et al., 1995). With a HD 1o water ratio of | to
2.5 and a high pH, 1,4-oxathiane, 1,4-dithiane, 2-vinylthioethanol, and mustard chlorohydrin formed in
addition to polysulfides and some uncharacterized compounds (D’ Agostino and Provost, 1985, cited in
Rosenblatt, et al., 1995). Bulk HD can persist deep in the soit or under quiescent water for years
(Rosenblat, et al., 1995). This persistence is thought 10 be the result of a layer of oligomeric polysulfide
degradation products formed by limited hydrolysis (Rosenblatt, et al., 1995). In one experiment equal
volumes of HD and water were allowed to stand. After two months at least 50% of the original HD
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phase still was present. NMR data indicated that the most abundant product was the large ion, H-2TG,
with lesser amounts of H-TG and CH-TG. There is evidence that these ions could revert back to HD
(Yang, et al., 1992). Therefore, alkaline hydrolysis is rarely used to neutralize HD.

Organic solvents have been added to mustard neutralization solutions to solubilize the HD and increase
the effective rate of hydrolysis. Ofien these solvents suppress the formation of the sulfonium ion
intermediate, thereby reducing the effective rate of HD hydrolysis. The addition of 5% acetone to HD in
water was found to double the half-life of HD in water (Yang, et al., 1986, cited in Rosenblatt, et al.,
1995).

Because the sulfur atom in HD can be oxidized, oxidation is an important approach to the neutralization
of mustard. Hypochlorite bleaches have been used for this purpose. The reaction depends upon the
proportions of reactants and temperature. It is thought to proceed through formation of the sulfoxide and
the sulfone of HD followed by a series of elimination reactions (Rosenblatt, et al., 1995). Under
optimum conditions (excess chemical neutralization reagent, high pH, and adequate stirring)
hypochlorite will oxidize HD 1o sulfate, chloride and carbon dioxide according to the following equation:

(CICH,CH,),S + 14 OCF = S04 + 16 CI + 4 CO, + 4 H" + 2 H,0

C NMR analysis of one such reaction mixture revealed more than 99.5% destruction of HD and the
formation of about 20 uncharacterized carbon-containing products. With a deficiency of hypochlorite,
the sulfoxide and/or the sulfone of HD may persist (Durst, et al., 1988). Oxidation is favored in basic

solutions of hypochlorite and HD. In neutral or acidic solutions chlorination takes place (Rosenblatt, et
al., 1995).

Little is known about the effect of hypochlorite upon the impurities produced during the manufacture of
H/HD. It is likely that conditions favorable to the complete mineralization of HD to sulfate, chloride and
carbon dioxide also will oxidize the additional sulfur atoms in the polysulfides. Other sulfur-containing
impurities probably would be oxidized as well, if not to sulfate, at least to sulfoxides, sulfones or
sulfonic acids (Rosenblatt, et al., 1995).

22.1.11 HT

CAS Reg. No.: Not Available for HT For agent T: 63918-89-8, HT is a 60% / 40% mixture of HD and
another blister agent designated as T.

Synonyms for agent T:
Bis-(2-(2-chloroethylthio))ethyl ether
Di (2-(2-chloroethylthio))ethyl ether

1 GOOB/T24/DECON/DRAFT/SECT2 DOC 2-24
Rev 7/23/98.4 25 PM



Di (2-(B-chloroethyl thio))ethy! ether

Properties:
Agent T is a mustard, but was not used as a separate filling in munitions. It was mixed with HD to lower
the melting point of the HD (Operation Plan, 1978).

Table 2.2-13 presents the environmentally relevant properties of HT (Field Manual 3-9, 1990). The
quality of the data presented in this table has not been evaluated.

Table 2.2-13.  Environmentally Relevant Properties of HT.

Property Data Reference
Empirical Formula HD CH,CL.S Field Manual 3-9, 1990
T C,H,,C1,0S,
Molecular Weight HD: 159.08 g/mol Field Manual 3-9, 1990
T:263.3 g/mol
HT: 189.4 g/mol (Average based on 60:40
weight percent)
Liquid Density 1.269 g/em” at 25°C Field Manual 3-9, 1990
Melting Point 0.0 10 1.3°C (60/40 mixture) Field Manual 3-9, 1990
Boiling Point Above 228°C Field Manual 3-9, 1990
Heat of Vaporization Not Available Not Available
Vapor Pressure 0.104 mm Hg at 25°C Field Manual 3-9, 1990
Log Kow Not Available Not Available
Agueous Solubility (g/L) Barely soluble in water. Field Manual 3-9, 1990
K, (atm-m*/mol) Not Available Not Available
Diffusion Coefficient (air) Not Available Not Available
{cm?*/s)
Log Koc Not Available Not Available
Volatility 831 mg/m’ at 25°C Field Manual 3-9, 1990
Reactions:

Although T has not been studied as a separate agent, its structure is very close to HD and its chemistry is
expected to be very similar to that of HD (Durst, et al., 1988).

2.2.1.12 HQ

CAS Reg. No.: Not Available for HQ. For agent Q: 3563-36-8. HQ is a mixture of HD and another
blister agent designated as Q. The usual mixture is 75% HD and 25% Q (Safety Office, 1995).

[.GOOR/T24/DECON/DRAFT/SECT2.DOC 2.25
Rev 7/23/98:.4 25 PM



Synonyms for agent O:

Sulfur sesquimustard

1,2-bis(2-chloroethylthio)ethane

Doppel-Q
Sesqua yperite

Properties:

Agent Q is used exclusively in a mixture with HD to increase persistence. Q is the most powerful known
military vesicant on bare skin, but it has a low vapor pressure and cannot form a vapor threat. Table 2.2-
14 presents the environmentally relevant properties of HQ (Field Manual 3-9, 1990). The quality of the

data presented in this table has not been evaluated.

Table 2.2-14. Environmentally Relevant Properties of HQ).

Property Data Reference
Empirical Formula HD C,H,CLS Field Manual 3-9, 1990
Q C.H,,CLS, Burck, et.al., 1992

Molecular Weight

HD: 159.08 g/mol
Q: 219.13 g/mol

Field Manual 3-9, 1990
Burck, et.al,, 1992

Liquid Density Q 1.27 g/cm’ at 20°C Burck, et.al.,1992
Meiting Point Q 52-54°C Burck, et.al., 1992
Boiling Point Q 353°C (calculated) Burck, et.al., 1992
Heat of Vaporization Not Available Not Available

Vapor Pressure Q

0.00005 mm Hg at 25°C

Burck, et.al.,1992

Log Kow

Not Available

Not Available

Agqueous Solubility (g/L) Q

Barely soluble in water.

Burck, et.al.,1992

K, (atm-m*/mol) Not Available Not Available
Diffusion CoefTicient (air) Not Available Not Available
(cm’/s)

Log Ko Not Available Not Available

Volatility Q

0.16 mg/m’ at 25°C

Burck, et.al.,1992

Reactions:

The structure of agent Q is closely related to that of HD, therefore the reactions of agent Q are expected

to be similar to those of HD.
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22.1.13 L (Lewisite)
CAS Reg. No.: 541-25-3

Svnonyms:

(2-Chlorovinyl) dichloroarsine
(2-Chloroetheny!) arsonous dichloride
Chlorovinylarsine dichloride
2-Chlorovinyldichloroarsine
Beta-chlorovinyldichloroarsine
Dichloro (2-chlorovinyl) arsine

EA 1034

Properties:
L is an arsenical vesicant produced for use in World War II. Stored L contains four substances. L-1, 2-

chlorovinyldichloroarsine, is the primary component. L-2, bis-{2-chlorovinyl)chloroarsine, also is a
vesicant and may be present up to 10% or 20%. Some arsenic trichloride (AsCl;) is present as well
(Yurow and Davis, 1982). L-3, tris(2-chlorovinyl)arsine is present as an impurity in stored L. Itis nota
vesicant (Jackson and Jackson, 1935).

Table 2.2-15 presents the environmentally relevant properties of L (Field Manual 3-9, 1990). The
quality of the data presented in this table has not been evaluated.

Table 2.2-15.  Environmentally Relevant Properties of L.

Property Data Reference
Empirical Formula C,H.AsClI, Field Manual 3-9, 1990
Molecular Weight 207.35 g/mol Field Manual 3-9, 1990
Liquid Density 1.89 g/mL at 20°C Field Manual 3-9, 1990
Melting Point -18°C Field Manual 3-9, 1963
Boiling Point 190°C Field Manual 3-9, 1990

Heat of Vaporization

58 cal/g from 0°C to 190°C

Field Manual 3-9, 1990

Vapor Pressure

0.087 mm Hg at 0°C
0.394 mm Hg at 20°C

Field Manual 3-9, 1990

Log Kow

Not Available

Not Available

Aqueous Solubility (g/L)

Insoluble in water.

Field Manua) 3-9, 1990

Ky (atm-m*/mol) Not Available Not Available
Diffusion Coefficient (air) (cm*/s) Not Available Not Available
Log Koc Not Available Not Available
Volatility 4.48 x 10’ mg/m’ at 20°C Field Manual 3-9, 1990
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Reactions:
When subjected to basic solutions L decomposes to arsenite, chloride, and acetylene according to the

following equation:
CICH=CHASsCI, + 6 NaOH = Na;AsO, + 3 NaCl + H,C, + 3 H,O

Yurow and Davis (1992) report this reaction to be complete in less than 10 seconds with a heat of
reaction of -102,000 cal/mol. L-2 appears to decompose more slowly in aqueous sodium hydroxide than
does L-1. L-2 in chloroform has been neutralized with aqueous sodium hydroxide.

Durst and coworkers (1988) cited a report by Bartlett (1942) that the cis and trans isomers of L react at
different rates in 16% sodium hydroxide, but the reaction for both isomers was found to be complete in
approximately one hour. C. L. Hewitt (1948) reported that the manufacture of L with an AICl, catalyst
produces 100% trans-L, while the use of HgCl, or CuCl catalysts results in a mixture of 90% trans and
10% cis isomers. The cis isomer was the slower of the two to react with base. Hewitt also noted that the
cis isomer dissolved in cold NaOH without the evolution of acetylene and formed vinyl chloride when
the solution was warmed to 40°C. Smith and coworkers (1993) reported the analysis of a sample of
distilled L. They found 95% trans isomer, <2% cis isomer and 3% of a geminal isomer that has the
chlorine attached to the carbon atom that is bonded to arsenic. The presence of the geminal isomer may
explain the behavior of Hewitt’s “cis isomer”. Waters and Williams (1950) reported that at 16°C the pH
of a solution of L must be at least 10.5 to from acetylene, and that the pH must be at least 9 to form
acetylene at 50°C. Because of the relative insolubility of L or its oxide in aqueous solutions, the use of a
cosolvent such as an alcohol has been recommended (Durst, et al., 1988).

Durst and coworkers {1988) cited a report by Buswell and Price (1944) that the reaction of L with
hypochlorite has been studied, but because of the relatively slow kinetics of oxidation in solution, it
offers no advantage over aqueous sodium hydroxide. According to Durst and coworkers (1988), the
reaction of L with hypochlorite in aqueous solution proceeds as an alkaline hydrolysis, producing
arsenate, chloride, and acetylene with the hypochlorite serving as a source of hydroxide according to the
following equilibrium.

OCI' + H,O «» HOC1 + OH

One reference noted that L reacts with dry STB with the liberation of chlorine (Davis, et al., 1979).
Another report described a three-step process for the chemical neutralization of L. It consisted of
conversion of L to Lewisite oxide by addition of the agent to aqueous caustic hydrogen peroxide under
controlled pH conditions, followed by removal of excess peroxide, and then conversion of the Lewisite
oxide to arsenate and chloride salts. No details were given (Mcandless and Fedor, 1992).
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L in H,O reacts rapidly to give lumps that are soluble only upon prolonged stirring and are polymeric

modifications of Lewisite oxide, CICH=CHAsO. The aqueous solution of Lewisite oxide has vesicant

properties (Durst, et al., 1988). The degree of polymerization of the residue depends upon age.

Oxidation of Lewisite oxide to the pentavalent state markedly reduces its toxicity (Yurow and Davis.

1982).

2.2.1.14 HL

CAS Reg. No.: Not Available

Synonyms:
Sulfur Mustard/Lewisite

Properties:

HL is a variable combination of HD and L that provides a mixture of low freezing point for use in cold
weather operations or high-altitude spray. Table 2.2-16 presents the environmentally relevant properties
for the eutectic mixture (37% HD / 63% L by weight), which has the lowest possible freezing point
(Field Manual 3-9, 1990). The quality of the data presented in this table has not been evaluated.

Table 2.2-16 Environmentally Relevant Properties of HL.
Property Data Reference
Empirical Formula HD: C,H,Cl1.,S Field Manual 3-9, 1990
L: C.H.AsCl,
Molecular Weight HD: 159.08 g/mol Field Manual 3-9, 1990
L: 207.35 g/mol
Eutectic Mixture “186.4 g/mol”
{37% HD/63%L)
Liquid Density Approx. 1.66 g/mL at 20°C Field Manual 3-9, 1990
Melting Point Materiai Safety Data Sheet for

purified agent mix:
typical production batch:

-25.4°C
-42°C

HL

Boiling Point

Indefinite, but below 190°C

Field Manual 3-9, 1990

Heat of Vaporization

Between HD & L

Field Manual 3-9, 1990

Vapor Pressure

0.248 mm Hg at 20°C (Calculated)

Field Manual 3-9, 1990

Log Kow

Not Available

Not Available

Aqueous Solubility (g/L)

Practically insoluble.

Material Safety Data Sheet for
HL

(Calculated)

K, (atm-m*/mol) Not Available Not Available
Diffusion Coefficient (air) (cm¥s) Not Available Not Available
Log K¢ Not Available Not Available
Volatility 2,730 mg/m’ at 20°C Field Manual 3-9, 1990
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Reactions:
The chemical neutralization of HL is expected to proceed as parallel neutralizations of HD and L with a
mixture of neutralization products from the two processes.

2.2.1.15 HN-1

CAS Rep. No.: 538-07-8
Synonyms:
Bis(2-chloroethyl)ethylamine
Ethylbis (2-chloroethyl)amine
Nitrogen Mustard (HN-1)

Ethyl S
NH-Lost

Properties:

HN-1 is a vesicant similar to HD in its properties and effects, but only one-fifth as damaging and not as

stable. It is more volatile, and therefore less persistent, than HD'(Field Manual 3-9, 1990).

Table 2.2-17 presents the environmentally relevant properties of HN-1 (Field Manual 3-9, 1990). The

quality of the data presented in this table has not been evaluated.

Table 2.2-17.  Environmentally Relevant Properties of HN-1.

Property Data Reference
Empirical Formula C.H,;CILN Field Manual 3-9, 1990
Molecular Weight 170.08 g/mol Field Manual 3-9, 1990
Liquid Density 1.09 g/mL at 25°C Field Manual 3-9, 1990
Melting Point -34°C Field Manual 3-9, 1990
Boiling Point 194°C (Calculated; decomposes) Field Manual 3-9, 1990

Heat of Vaporization

77 cal/g

Field Manual 3-9, 1990

Vapor Pressure

0.24 mm Hg at 25°C

Field Manual 3-9, 1990

Log Kow Not Available Not Available
Aqueous Solubility (g/L) Sparingly soluble in water. Field Manual 3-9, 1990
K,, (atm-m’/mol) Not Available Not Available
Diftusion Coefficient Not Available Not Available
{air) {(cm*/s)
Log Kge Not Available Not Available
Volatility 308 mg/m? at 0°C Field Manual 3-9, 1990
1,520 mg/m? at 20°C
Reactions:

The nitrogen mustards hydrolyze in water to give products related to the formation of an aziridinium (or
ethyleneimmonium) ion. Therefore, basic solutions are preferred for chemical neutralization. The
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hydrolysis half-life of HN-1 in dilute sodium hydroxide was described as being 12 minutes at 18° C, but
the overall neutralization rate was limited by the low solubility of HN-1. Some neutralization work has
been reported using monoethanolamine. The only information found concerning aqueous oxidative

neutralization of the nitrogen mustards was a reference to some exploratory studies (Yurow and Davis,
1982).

2.2.1.16 HN-3
CAS Reg. No.: 555-77-1

Synonyms:
Tris(2-chloroethyl)amine

2,272 -Trichlorotriethylamine
Tri(2-chloroethyl)amine
Nitrogen Mustard (HN-3)

Properties:

HN-3 is the principal representative of the nitrogen mustards because it has vesicant properties almost
equal to those of HD. [t is more persistent than HD. It also is the most stable in storage of the three
nitrogen mustards. (Field Manual 3-9, 1990). Table 2.2-18 presents the environmentally relevant
properties of HN-3 (Field Manual 3-9, 1990). The quality of the data presented in this table has not been

evaluated.

Table 2.2-18. Environmentally Relevant Properties of HN-3.
Property Data Reference
Empirical Formula C,H,.Ci,N Field Manual 3-9, 1990
Molecular Weight 204.54 g/mol Field Manual 3-9, 1990
Liquid Density 1.24 g/mL at 25°C Field Manual 3-9, 1990
Melting Point -3.7°C Field Manual 3-9, 1990
Boiling Point 256°C (Calculated; decomposes) Field Manual 3-9, 1990

Heat of Vaporization

74 callg

Field Manual 3-9, 1990

Vapor Pressure

0.0109 mm Hg at 25°C

Field Manual 3-9, 1990

Log Kow

Not Available

Not Available

Aqueous Solubility (g/L)

Insoluble in water.

Field Manual 3-9, 1990

Ky (atm-m’/mol)

Not Available

Not Available

Diffusion Coefficient Not Available Not Available
(air) (cm?/s)
Log Ko Not Available Not Available
Volatility 13 mg/m* at 0°C Field Manual 3-9, 1990
121 mg/m® at 25°C
180 mg/m’ at 30°C
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Reactions:
The reactions of HN-3 are expected to be similar to the reactions of HN-1.

2.2.2 Chemical Neutralization Sclutions

This section discusses neutralization solutions in the following sections.

* Chemical Neutralization Solutions Used at DPG
* Chemical Neutralization Solution Reactions
* Spent Chemical Neutralization Solutions

2.2.2.1 Chemical Neutralization Solutions Used at DPG

There are seven chemical neutralization solutions routinely used at DPG. They fall into two categories:
chlorinated bleaches and caustics. The neutralization solutions for chemical agents are listed in Table
2.2-19. The contact times listed are the minimum times recommended for the reaction of the chemical

agent with the listed neutralization solution before sampling to verify complete neutralization.

Table 2.2-19. Selection of Chemical Neutralization Solutions.

H, HD, HT,

Neutralization Solution GA, GB, GF, Vx GD HNs L, HL VX
10% aqueaus HTH 15 min 15 min 15 min 15 min 15 min
STB Slurry (aqueous) 15 min 15 min 15 min 15 min 15 min
5% aqueous NaOCl 24 hr 24 hr 24 hr 24 hr 24 hr
Concentrated NH,OH 4 hr 4 hr NR NR NR

NR for Vx
10% aqueous Na,CO, 4 hr NR NR NR NR
10% aqueous NaOH 4 hr NR NR NR 4 hr
10% NaOH in alcoho! (a) 24 hr 24 hr NR NR 24 hr

NR Not Recommended

2.2.2.2 Chemical Neutralization Solution Reactions

According to Durst and coworkers (1988), the term “hydrolysis” refers to the addition of water to a
reactive molecule with the elimination of some fragment of the reactive molecule into the aqueous
solution. For example, water will react with GB according to the following equation:

GB +H,0 > IMPA + HF

The concept of hydrolysis includes the reactions of the ions of water, which are OH and H™. These are
referred to as alkaline and acid hydrolysis, respectively. 1f OH" is added to a solution containing GB, the
alkaline hydrolysis reaction is very rapid. In the case of GB the anion of IMPA and fluoride ion are
formed. The reaction of GB with water is too slow to be practical as a neutralization procedure.
However, the reaction of GB with hydroxide ion is a very effective approach to the neutralization of that
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chemical agent. More OH' is consumed in the alkaline hydrolysis of GB because additional hydroxide is
used to neutralize the acid products formed. The equation for the alkaline hydrolysis of GB is written as
follows:

GB +2NaOH - Na[IMPA] + NaF + H,O
where: Na[IMPA] is the sodium salt of IMPA

GB will undergo alkaline hydrolysis in the same way without regard to the source of OH". Thus, GB will
hydrolyze to produce the same organic anion product, IMPA, when reacted with NaOH, Na,CO;, or
NH,OH because all are sources of hydroxide ion in aqueous solution. For example, Na,CO, forms
hydroxide in aqueous solution according to the following equation:

Na,CO; + H,0 - NaHCO, + NaOH

Different sources of OH" are employed because in many deliberate chemical neutralization situations
military units have a need to reuse the neutralized item. NaOH corrodes equipment made of aluminum
and magnesium. Therefore, Na,CO, often is used to neutralize reusable items made from such materials
because it does not corrode them. NH,OH also is a weaker source of hydroxide ion than NaOH because
it is only partially ionized to ammonium and hydroxide ions. Table 2.2-20 lists approximate pH values
for various concentrations of bases used for alkaline hydrolysis of chemical agents — the higher the pH,
the higher the hydroxide concentration (Durst, et al., 1988).

Table 2.2-20.  Approximate pH Values of Solutions of Various Concentrations of Selected Bases.

Selected Baset pH in 0.1 N Base pH in 0.01 N Base
NaOH 13.1 12.1
Na,CO, 11.5 11.0
NH,OH 11.3 10.8

NaOH is comparatively inexpensive and offers the highest pH at a particular concentration, therefore in
the absence of other considerations it often is chosen as the source of hydroxide ton for chemical agent
waste neutralization by alkaline hydrolysis at DPG. Informal interviews with members of the DPG
laboratory staff on February 24, 1998 found that NaOH and alcoholic NaOH usually were used routinely
for chemical neutralization by alkaline hydrolysis in the CCTF.

The chemical agents undergo the same oxidation reactions with hypochlorite ion whether the
hypochlorite ion comes from NaOCl, STB, or HTH. The use of hypochlorite in neutralization of mustard
and VX depends upon the oxidative action of hypochlorite upon sulfur in mustard and upon nitrogen and
sulfur in VX. When more than a small quantity of agent is oxidized, the reaction is vigorous and care

must be taken to control the rate at which heat is produced. A lower concentration of neutralization
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solution may be used or the rate of addition of agent to the neutralization solution may be controlled to
moderate the oxidation reaction.

Apart from its oxidative capability, hypochlorite also can function as a nucleophile, hydrolyzing G-
agents in a way similar to the hydroxide ion. The normal hydroxide ion hydrolysis products from the G-
agents also are produced by hypochlorite ion. In the case of GA the dimethylamino group is lost in
addition to the cyano group {Durst, et al., 1988).

2.2.2.3 Spent Chemical Neutralization Solutions

Although a number of different neutralization solutions are used for chemical neutralization, the
reactions that achieve neutralization of the chemical agents used in testing at DPG fall into two
categories: hydrolysis or oxidation. The concentration but not the chemical source of the hydroxide or
hypochlorite ions determines the reaction pathways and the rates of the neutralization reactions with the

chemical agents. A variety of compounds remain in the neutralization solutions after use.

Hypochlorite solutions that have stood for any length of time contain chlorate ion as a contaminant
because of the disproportionation equilibrium shown by the following equation (Bodek, et al., 1988,
cited in Rosenblatt, et al., 1998).

2HOCI+OCl & ClOy +2CI +2 H
Chlorate ion should not be overlooked as a possible contaminant.

Fluoride ion results from the neutralization of GB, GD, and GF. Alkyl methylphosphonic acids result
from the neutralization of the G-agents and VX. Thiodiglycol is the product of the complete hydrolysis
of mustard. The alkaline chlorinolysis of VX produces alkyl phosphonic acid and diisopropylamine.
Tributylamine, sometimes added to GB, is unaffected by hydrolysis. It probably would be oxidized to
dibuytylamine and butyraldehyde by hypochlorite (Rosenblatt, et al., 1995). Cyanide ion is formed when
GA is neutralized using aqueous hydroxide. It may be necessary to treat the solution with hypochlorite
to convert the cyanide to nitrogen gas and carbonate ion (Yurow, 1988). Solutions resulting from the
hydrolysis of L contain arsenite ion (AsQ,?) or arsenate jon (AsO,)”.

The stabilizers, N,N'-diisopropylcarbodiimide and N,N’-dicyclohexylcarbodiimide, are hydrolyzed 10
the respective ureas. Under conditions of chlorinolysis the ureas could become N,N -dichlorinated.

Under some circumstances organic solvents (alcohol, acetone) remain after being added to solubilize
agents such as thickened GD, HD, or VX. In other situations solutions of chemical agents in solvents
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such as chloroform or carbon tetrachloride are neutralized and the residual solvents become part of the
waste stream.

Under dehydrating conditions the alkyl methyl phosphonates from the hydrolysis of G-agents and VX
can form anhydrides. This is not expected to occur in aqueous solutions. It is highly unlikely that VX,
once hydrolyzed, would reform under any conditions. One of the major hydrolysis products of VX,
diisopropylaminoethanethiol, can be air oxidized to a reputedly vesicant disulfide (Rosenblatt, et al.,
1995).
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3.0 SUPPORT FOR CHEMICAL NEUTRALIZATION OF CHEMICAL AGENT WASTE
STREAMS AS APPLICABLE AND DEMONSTRATED TREATMENT TECHNOLOGIES

The purpose of this section is to provide support of the chemical neutralization of the DPG chemical
agent-related waste streams as technologies that are applicable LDR treatment technologies based on
data from DPG to evaluate whether the technologies are demonstrated.

To be considered applicable, a technology must theoretically be capable of treating either the waste in
question or a waste that is similar in terms of the parameters that affect the selection of the treatment
methods. Parameters that affect treatment performance may include physical and chemical
characteristics, such as pH, bond disassociation energy, thermal conductivity, inorganic and organic
composition and concentration of the constituents of concem..

To be considered demonstrated, a technology must be employed in operation for the treatment of the
waste in question or a similar waste. Technologies may also be considered for other wastes with similar
parameters (such as physical and chemical characteristics) that affect treatment performance.

To support the neutratization of chemical agent-related waste streams as applicable and demonstrated
treatment technologies, this section presents the following topics:

. The applicability of chemical neutralization as a treatment technology
. The performance database

3.1 APPLICABILITY OF CHEMICAL NEUTRALIZATION AS A TREATMENT
TECHNOLOGY

Chemical neutralization procedures used at DPG are evaluated as applicable using the following
categories: general chemistry, NMR data, thermodynamics and kinetics of the reaction, and the re-
formation of chemical agent from neutralization products. The chemical reactions involved in the
neutralization procedures used at DPG have been studied extensively and a large amount of data have
been gathered. General chemistry is described in Section 2.0. A description of the other categories
follow.

NMR evidence is significant because it provides unambiguous information regarding disappearance of
the chemical agent and appearance of the neutralization products in the same reaction mixture at the
same time. It also provides information on how “clean” a neutralization reaction is, that is, the number
of side products and their approximate concentrations. The NMR measurements reviewed in this report
have a detection limit of approximately 0.5%. Therefore, components present at less than 0.5% do not
appear in the NMR spectra referenced in this discussion (Durst, et al., 1988).
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The equilibrium constant for a reaction (K,,) can be calculated from the change in free energy of the
reaction according to the relationship:

AG =-2303 RT log K.,

where: AG is the change in free energy (Gpiogues — Grecams)
R is the gas constant, and
T is the absolute temperature.

A large negative change in free energy corresponds to an equilibrium constant that favors the products of
the reaction. The free energy of a reaction is related 1o the heat of reaction by the equation:

AG=AH-TAS

where: AH is the heat of reaction, or change in enthalpy (H,raucts — Heeactans)
T is the absolute temperature, and

AS is the change in entropy (S, omes — Secacuns)

If the products and reactants both remain in solution the entropy term, TAS, usually does not change a
large amount. This leads to the general observation that an exothermic reaction which has a large

negative AH will have a negative AG term, indicating an equilibrium favoring the products.

The chemical agent neutralization reactions are exothermic, and in some instances very exothermic.
Using the equations given above and tables of thermodynamic values, it is possible to estimate the free
energies of reactions and their corresponding equilibrium constants. This has been done for the alkaline
hydrolysis of GB in the following equation:

GB+OH - IMPAanion + F

The AH = -44,400 cal/mol (Davis, et al., 1977). The AG has been calculated to be ~30,000 cal/mol, and
the resulting equilibrium constant is estimated at log K, = 21.9, indicating a very strong tendency to
favor completion of the reaction (Durst, et al., 1988).

Free energy of a reaction must be negative in order for the reaction to proceed. However, a negative free
energy does not guarantee that a reaction will proceed. Non-thermodynamic factors also significantly
affect reaction rates. Thermodynamic predictions must be evaluated in light of measured reaction rate
data. Generally, the chemical agent neutralization reactions are exothermic and generally the

recommended neutralization reactions proceed rapidly in solution. The principal non-thermodynamic
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factor that requires consideration in neutralization processes is agent solubility in water. HD and VX, for

example, are less than 1% soluble in water at room temperature (Field Manual 3-9, 1990). The

thermodynamics and kinetics of each agent/neutralization reaction are discussed. Table 3.1-1 presents

heats of reaction and half-lives for chemical reactions resulting from the neutralization procedures at

DPG.

Table 3.1-1.

Thermochemical and Kinetic Data.

Chemical Heat of
Agent Neutralization Reaction Half Life Reference
Solution
GA Water, pH 9.5 Not Available 35 min/25°C Yurow and Davis (1982)
GA Aqueous OH pH 12 Not Available 9.2 sec Durst, et al (1988)
GA Sodium hydroxide -10.1 keal/mol Not Available Yurow and Davis {1982)
GB Sodium hydroxide -44.4 kcal/mo! Not Available Yurow and Davis (1982)
GB 5% Sodium hydroxide Not Available < 0.8 sec/25°C Yurow and Davis (1982)
GB 10% Sodium carbonate | -22 kcal/mol 8.5 sec/25°C Yurow and Davis (1982)
GB Water, pH 10 Not Available ~4 minf25°C Yurow and Davis (1982)
GB Water, pH 10 Not Available 5 min/25°C Demek, et al. 1970, cited in
Rosenblatt, et al. (1995)
GB 5% Alkaline bleach Not Available Instantaneous/25° C | Yurow and Davis (1982)
GD 5% Sodium hydroxide Not Available 0.08 hr/20°C Yurow (1988)
vX Alkaline hypochlorite Approx. -700 Not Available Yurow and Davis (1982)
kcal/mol
vX 10% HTH slurry Not Available ~ 70 sec/25°C Yurow and Davis (1982)
vX Water, pH 14 Not Available 1.3 min/25° C Yurow and Davis {1982)
VX Water, pH 12 Not Available 2.5 hr25°C Epstein, et al. 1974, cited in
Rosenblatt, et al., 1995
HD Alkaline hypochlorite Highly Not Available Yureow and Davis (1982)
exothermic
Sodium hydroxide -102 kcal/mol Not Available Yurow and Davis (1982)
5% Sodium hydroxide Not Available Instantaneous/25° C | Yurow and Davis (1982)

Water

%l"l"l""

Not Available

Very fast/25° C

Yurow and Davis (1982)

-1 Dil. Sodium hydroxide

Not Available

12 min/18°C

Yurow and Davis (1982)

In general, there is not evidence to support re-forming agent in dilute, unmodified chemical

neutralization solutions. When the products of neutralization are concentrated or modified there is a
possibility that some agents could re-form.

The principal chemical reaction(s) for each agent/neutralization solution pair used at DPG is described in
the following sections. The presence of impurities and additives will be identified and their reactions
will be discussed.
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3.1.1 Chemical Neutralization of GB by Alkaline Hydrolysis

GB is miscible with water (Field Manual 3-9, 1990). DPG routinely neutralizes GB with 10% aqueous
NaOH, 10% NaOH in alcohol, 10% aqueous Na,CO; and concentrated NH,OH. This discussion applies
specifically to the chemical neutralization of GB in 10% aqueous NaOH. It applies generally to the
following three additional procedures: GB in 10% NaOH in alcoho!, GB in 10% aqueous Na,CO,, and
GB in concentrated NH,OH.

The neutralization of GB in sodium hydroxide proceeds by the following reaction:
GB +2MaOH = Naf{IMPA] + NaF + H,0

where: Na[IMPA] is the sodium salt of IMPA
NaF is sodium fluoride

The *'P NMR evidence indicates that greater than 99.5% GB proceeds to greater than 99.5% Na[IMPA]
with phosphorus containing side products less than 0.5%. Similar NMR results have been reported for
the neutralization of GB in 10% NaOH in alcohol, and the neutralization of GB in 10% aqueous Na,CO,
(Durst, et al., 1988). Table 3.1-2 presents the starting materials and final products in the alkaline
hydrolysis of GB (Rosenblatt, et al., 1995).

Table 3.1-2. Products of Alkaline Hydrolysis of GB.

Principal Starting Materials

Principal Final Products

GB Na[IMPA]
NaF
Trace Starting Materials Trace Final Products
Methylphosphonic difluoride MPA

F* (Fluoride ion)

Diisopropyl methylphosphonate (DIMP)

DIMP (Hydrolyzes slowly to IMPA)

N,N’-Diisopropylcarbodiimide

N,N’"-Diisopropyl urea

Tributylamine

Tributylamine

The AH for the alkaline hydrolysis of GB is —44,400 cal/mol (Davis, et al., 1977). An equilibrium
constant of 10*'? has been calculated from a AG of -30,000 cal/mol (Durst, et al., 1988). GB is infinitely
soluble in water. At 25°C and at pH 10 the half-life of GB is 5 minutes (Demek, et al., 1970, cited in
Rosenblatt, et al., 1995). Yurow and Davis (1982) give a half-life of ~ 4 minutes for GB under the same
conditions. They also report a half-life of <0.8 seconds for GB in 5% sodium hydroxide.

The term *“toxic rebound™ has been used to describe the re-formation of a small amount of GB when
brine containing the hydrolyzed salts from alkaline hydrolysis of GB is spray dried. The more
concentrated the salt solutions and the higher the acidity of the solution being spray dried, the higher the
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yield of GB will be. This re-formation phenomenon is of concern only when concentrations of the
participating chemical species are high and heat is applied (Rosenblatt, et al.., 1995).

Beaudry and coworkers (1993} investigated the possibility of G-agents re-forming in a 300-gallon
neutralization tank that had been used for a series of neutralization reactions. The G-agents observed in
that investigation finally were attributed to GB forming in the chloroform extract of acidified samples of
the neutralization solution. Re-formation of GB is not expected in dilute aqueous solution at high pH
(Rosenblatt, et al., 1995).

3.1.2 Chemical Neutralization of GB with Hypochlorite

DPG routinely neutralizes GB with 5% aqueous NaQCl, 10% aqueous HTH. and aqueous STB slurry.
This discussion applies to the chemical neutralization of GB in hypochlorite solution. The source of
hypochlorite ion may be NaOCI, HTH, or STB. The role of hypochlorite ion in the neutralization of GB
is to provide hydroxide ion and to accelerate the reaction (Yurow, 1982).

The chemical neutralization of GB in hypochlorite is an alkaline hydrolysis, with hypochlorite serving to
accelerate the reaction. The reaction is described by the same equation that is used for alkaline
hydrolysis:

GB +2 NaOH - Na[IMPA]+ NaF + H,0
The *'P NMR evidence indicates that greater than 99.5% GB proceeds to greater than 99.5% Na[IMPA]
in 5.25% NaOC] with phosphorus containing side products less than 0.5% (Durst, et al., 1988). Table
3.1-3 summarizes the starting materials and final products in the alkaline hydrolysis of GB in

hypochlorite solution (Rosenblat, et al., 1995).

Table 3.1-3, Products of Alkaline Hydrotlysis of GB in Sodium Hypochlorite Solution.

Principal Starting Materials Principal Final Products
GB Na[IMPA]
NaF
Trace Starting Materials Trace Final Products
Methylphosphonic diftuoride MPA
F" (Fluoride ion)
DIMP DIMP slowly hydrolyzes to IMPA
N,N’-Diisopropylcarbodiimide N,N’-Diisopropyl urea (Possible reversible NN -chlorination
of the urea, if hypochlorite is in high enough concentration.)
Tributylamine Probably dibutylamine + butyraldehyde
Hypochlorite (OCI') Chlorate (C10;?)

(V3]
1
wn
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The reaction is exothermic, but a value for the heat of reaction is not available. The reaction rate has
been reported as “instantaneous” (Yurow and Davis, 1982).

Based on the discussion of the possibility of re-formation of GB from its alkaline hydrolysis products,
the re-formation of GB from the products resulting from reaction with hypochlorite is not expected.

3.1.3 Chemical Neutralization of GA by Alkaline Hydrolysis

GA has a solubility in water of 7.2% at 20° C (Field Manual 3-9, 1990). DPG routinely neutralizes GA
with 10% aqueous NaOH, 10% NaOH in alcohol, 10% aqueous Na,CO, and concentrated NH,OH. This
discussion applies specifically to the chemical neutralization of GA in 10% aqueous NaOH. It applies
generally to three additional procedures: GA in 10% NaOH in alcohol, GA in 10% aqueous Na,CQO,, and
GA in concentrated NH,OH.

The neutralization of GA in 10% aqueous sodium hydroxide proceeds by the following reaction:

GA + 2 NaOH - Na[ethyl dimethylaminophosphonatej + NaCN + H,O

where: Na[ethyl dimethylaminophosphonate] s the sodium salt of ethyl

dimethylaminophosphonic acid

When sufficient quantities of GA are neutralized using aqueous hydroxide, it becomes necessary to
destroy the cyanide ion that is produced to prevent formation of HCN if the solution is acidified. After
neutralization is complete treating the solution with hypochlorite will convert the cyanide to nitrogen gas
and carbonate ion (Yurow, 1988).

The *'P NMR evidence indicates that greater than 99.5% GA procceds 10 greater than 99.5% Na[ethy!
dimethylaminophosphonate] with phosphorus containing side products less than 0.5%. Similar NMR
results have been reported for the neutralization of GA in 10% NaOH in alcohol, and the neutralization
of GA in 10% agueous Na,CO, (Durst, et al., 1988). Table 3.1-4 (Yurow, 1988; Rosenblatt, et al., 1995)
presents the starting materials and final products in the alkaline hydrolysis of GA.

Table 3.1-4. Products of Hydrolysis of GA in Sodium Hydroxide.

Principal Starting Materials Principal Final Products
GA o Najethy] dimethylaminophosphonate], the sedium salt
of ethyl dimethylaminophosphonic acid
NaCN (sodium cyanide)
Trace Starting Materials Trace Final Products
DIMP DIMP very slowly hydrolyzes to IMPA
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The AH for the alkaline hydrolysis of GA at pH 9.5 and 25° C has been reported as —10,100 cal/mol. The
half-life for that reaction was reported as 35 minutes (Yurow, 1988). The half-life for the same reaction
at pH 12 was reported to be 9.2 seconds (Durst, et al., 1988).

Based on the discussion of the possibility of re-formation of GB from its alkaline hydrolysis products,
the re-formation of GA from its alkaline hydrolysis products is not expected.

3.1.4 Chemical Neutralization of GA with Hypochlorite

DPG routinely neutralizes GA with 5% aqueous NaOCI, 10% aqueous HTH, and aqueous STB slurry.
This discussion applies to the chemical neutralization of GA in hypochlorite solution. The source of
hypochlorite ion may be NaOCI, HTH, or STB. The role of hypochlerite ion in the neutralization of GA
is to provide hydroxide ion and to accelerate the reaction.

According to Durst and coworkers (1988), when GA is neutralized with hypochlorite both the cyano
group and the dimethylamino group are lost, producing the ethyl ester of phosphonic acid. The other
products of the reaction were not identified. The hypochlorite will react with the cyanide, converting it
to nitrogen gas and carbonate ion (Yurow, 1988).

The *'P NMR evidence indicates that greater than 99.5% GA proceeds to greater than 99.5% Na[ethyl
phosphonate] with phosphorus containing side products less than 0.5%. Table 3.1-5 (Yurow, 1998;
Durst, et al,, 1988; Rosenblatt, et al., 1995) presents the starting materials and final products in the
alkaline hydrolysis of GA.

Table 3.1-5. Reaction of GA with Sodium Hypochlorite.

Principal Starting Materials Principal Final Products
GA Na[ethyl phosphonate], the sodium salt of ethyl phosphonic acid
Possibly dimethylamine
Trace Starting Materials Trace Final Products
DIMP DIMP slowly hydrolyzes 10 IMPA
OCr Chlorate (C1O;)

The heat of reaction for the neutralization of GA with hypochlorite has not been reported. It is expected
to be exothermic by comparison with the alkaline hydrolysis of GA. Hypochlorite has been reported to
catalyze the alkaline hydrolysis of GB, and is expected to play a similar role in the reaction with GA
{Yurow, 1982).

Because the cyanide is converted irreversibly to nitrogen gas and carbonate ion, no re-formation of GA is
expected after chemical neutralization with hypochlorite.
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3.1.5 Chemical Neutralization of GD by Alkaline Hydrolysis

GD has a solubility of 2.1% in water at 20° C (Field Manual 3-9, 1990). Like the other G-agents, it is
susceptible to alkaline hydrolysis. Because of the low solubility of GD in water, addition of an alcohol
can increase solubility and therefore the overall rate of neutralization (Rosenblatt, et al., 1995). DPG
routinely neutralizes GD with 10% NaOH in alcohol {(10% NaOH in a mixture of 80/20 denatured
ethanol and water) and with concentrated NH,OH. This discussion applies specifically to the chemical
neutralization of GD in 10% NaOH in alcohol and generally to the neutralization of GD in concentrated
NH,OH.

The neutralization of GD in alcoholic sodium hydroxide proceeds by the following reaction:
GD + 2 NaOH - NaPMPA + NaF + H,0O
where: Na[PMPA] is the sodium salt of pinacolyl methylphosphonic acid

The ”'P NMR evidence indicates that greater than 99.5% GD proceeds to greater than 99.5% Na[PMPA]
with phosphorus containing side products less than 0.5% for the neutralization of GD in 10% NaCH in
alcohol. Similar results were found for the neutralization of GD in 10% aqueous NaOH and in 10%
aqueous Na,CO;(Durst, et ai., 1988).

The presence of alcohol in solution does not significantly inhibit the reactivity of GD or the other G-
agents with hydroxide ion. A solution of hydroxide in methanol forms methoxide ion. The methoxide
ion reacts as a nucleophile to attack the central phosphorus atom to form the ester, methyl pinacolyl
methylphosphonate. This ester eventually undergoes hydrolysis to form PMPA and perhaps some
methy! methylphosphonic acid (Rosenblan, et al., 1995). A set of parallel reactions may occur with GD
in ethanol solution. Table 3.1-6 presents the starting materials and final products in the alkaline
hydrolysis of GD (Durst, et al., 1988; Rosenblatt, et al., 1995).

Table 3.1-6. Products of Alkaline Hydrolysis of GD.

T’rincipal StartinE_Mnerills Principal Final Products

GD Na[PMPA]

NaF (sodium fluoride)
Trace Starting Materials Trace Final Products

Methylphosphonic diflucride MPA
F

DIMP DIMP slowly hydrolyzes to IMPA

Possible side reaction with ethoxide ion Possibly ethyl pinacolyl methylphosphonaie hydrolyzing to Na[pinacolyl
methylphosphonate] and Nafethy! methylphosphonate]

The half-life of GD in excess 5% aqueous sodium hydroxide is 0.08 hr at 20° C. The heat of reaction is
estimated to be similar to that of GB (-44,400 cal/mole) because fluorine is the leaving group in both
cases (Yurow, 1988).
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Re-formation of GB is not expected in dilute aqueous solution at high pH (Rosenblat, et al., 1995). Re-
formation of GD is not expected under the same conditions because of their similar structures and
reaction mechanisms.

3.1.6 Chemical Neutralization of GD with Hypochlorite

The DPG routinely neutralizes GD with 5% aqueous NaQCl, 10% aqueous HTH. and aqueous STB
slurry. This discussion applies to the chemical neutralization of GD in hypochlorite solution. The source
of hypochlorite ion may be NaOCI, HTH, or STB. The role of hypochlorite ion in the neutralization of
GD is to provide hydroxide ion and to accelerate the reaction (Yurow, 1988).

The neutralization of GD in hypochlorite is an alkaline hydrolysis, with hypochlorite serving to
accelerate the reaction. The reaction is described by the same equation that is used for alkaline
hydrolysis:

GD + 2 NaOH - Na[PMPA] + NaF + H,0
The *'P NMR evidence indicates that greater than 99.5% GD proceeds to greater than 99.5% Na[PMPA]
with phosphorus containing side products less than 0.5% for the neutralization of GD in 5.25% NaOCl
(Durst, et al., 1988). Table 3.1-7 (Durst, et al., 1988, Rosenblatt, et al., 1995) presents the starting

materials and final products in the alkaline hydrolysis of GB in 5.25% NaOCl solution.

Table 3.1-7. Products of Alkaline Hydrolysis of GD in Sodium Hypochlorite Solution.

Principal Starting Materials Principal Final Products
GD Na[PMPA} (sodium salt PMPA)
NaF
Trace Starting Materials Trace Final Products
Methylphosphonic difluoride MPA
F
DIMP DIMP slowly hydrolyzes to IMPA
oCI ClOoy

The reaction is expected to be exothermic. The use of an alcohol in the neutralization solution is
expected to increase the overall rate of neutralization by enhancing the solubility. By comparison with
GB, the reaction rate is expected to be faster than that of the corresponding alkaline hydrolysis reaction
in the same solvent because of the catalytic effect of hypochlorite ion upon alkaline hydrolysis.

Based on the discussion of the possibility of re-formation of GB from its alkaline hydrolysis products,
the re-formation of GD from the products resulting from reaction with hypochlorite sclution is not
expected.
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3.1.7 Chemical Neutralization of TGD

TGD is GD thickened with a polymer. Little specific information was found regarding the neutratization
of TGD (thickened GD) or other thickened agents. UCON 75-H-90,000 is a polyethylene glycol
derivative that has been used 1o thicken GB, a related G-agent (Angelotti, et al., 1955). Thickeners are
added 10 GD to increase persistence in the field. In general, thickened agents form large droplets that
provide a greater concentration reaching the ground and a greater contact hazard than the unthickened
forms (Field Manual 3-9, 1990).

Yang and coworkers (1992) have noted that an organic solvent often is added to an aqueous
neutralization solution to improve solubility of thickened agents. The actual neutralization reaction
remains the same for the thickened agent after it is in solution. However, many of the oxidation and
substitution reactions become slower as the solvent polarity decreases.

The chemical neutralization solution recommended for TGD is 10% NaOH in alcohol.

3.1.8 Chemical Neutralization of GF by Alkaline Hydrolysis

GF is the least soluble of the G-agents considered in this report. It has a solubility of 0.37% in water at
20° C (Field Manual 3-9, 1990). Like the other G-agents, it is subject to alkaline hydrolysis. DPG
routinely neutralizes GF with 10% aqueous NaOH, 10% NaOH in alcohol, 0% aqueous Na,CO, and
concentrated NH,OH.

Little information concerning the alkaline hydrolysis GF was found. Based upon similarities in structure
to GB and GD, it is expected to hydrolyze rapidly in alkaline solution according to the reaction:

GF +2 NaOH - Na[cyclohexyl methylphosphonate] + NaF + H,O

where: Na[cyclohexyl methylphosphonate] is the sodium salt of cyclohexyl methylphosphonic
acid

The relative insolubility of GF is expected to lower the overall rate of neutralization. The solution of
10% NaOH in alcohol is expected to be the most effective of the neutralization solutions recommended
for use at DPG. Table 3.1-8 presents the starting materials and final products in the alkaline hydrolysis
of GF based upon comparison with GB and GD.
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Table 3.1-8. Products of Alkaline Hydrolysis of GF.

Principal Starting Materials Principal Final Products
GF Nalcyclohexy! methylphosphonate] (sodium salt of cyclohexyl
methylphosphonic acid)
NaF
Trace Starting Materials Trace Final Products
DIMP DIMP slowly hydrolyzes to IMPA

By comparison to GB and GD, the reaction is expected to be exothermic and at pH 12 its half-life is
expected to be in the range of the half-lives of GB (3 seconds) and GD (7 seconds). It may be necessary
to use alcohol to dissolve GF into the neutralization solution.

Re-formation of GB is not expected in dilute aqueous solution at high pH (Rosenblatt, et al., 1995).
Similarly, re-formation of GF is not expected under the same conditions because of their similar

structures and reaction mechanisms.

3.1.9 Chemical Neutralization of GF with Hypochlorite

DPG routinely neutralizes GF with 5% aqueous NaOCl, 10% aqueous HTH, and aqueous STB slurry.
This discussion applies to the chemical neutralization of GF in hypochlorite solution. The source of
hypochlorite ion may be NaOCI, HTH, or STB. The role of hypochlorite ion in the neutralization of GF
is to provide hydroxide ion and to accelerate the reaction (Yurow, 1988).

Little information concerning the reaction of GF with hypochlorite was found. Based upon similarities
in structure to GB and GD, it is expected to undergo rapid hydrolysis with hypochlorite serving to
accelerate the reaction. The reaction would be described by the same equation that is used for alkaline
hydrolysis:

GF + 2 NaOH -> Na[cyclohexyl methylphosphonate] + NaF + H,0

where: Na[cyclohexyl methylphosphonate] is the sodium salt of cyclohexyl methylphosphonic
acid

Table 3.19 presents the starting materials and final products expected for the alkaline hydrolysis of GF in
5.25% NaOCl solution based upon comparison with GB and GD.
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Table 3.1-9. Products of Alkaline Hydrolysis of GF in Sodium Hypochlorite Solution.

Principal Starting Materials Principal Final Products
GF - Na[cyclohexy! methylphosphonate] (sodium salt of cyclohexyl
methylphosphonic acid)
NaF
Trace Starting Materials Trace Final Products
DIMP DIMP slowly hydrolyzes to IMPA
oci Clo,

The reaction is expected to be exothermic. The reaction rate is expected to be similar to that of the
alkaline hydrolysis reaction, recognizing the effect of limited solubility and the catalytic effect of
hypochlorite ion upon alkaline hydrolysis.

Based on the discussion of the possibility of re-formation of GB from its alkaline hydrolysis products,
the re-formation of GF from the products resulting from reaction with hypochlorite solution is not

expected.

3.1.10 Chemical Neutralization of VX by Alkaline Hydrolysis

VX is only slightly soluble in water at room temperature. Below 9.4°C it is miscible with water. (Field
Manual 3-9, 1990). DPG routinely neutralizes VX with 10% aqueous NaOH and 10% NaOH in alcohol.

The hydrolysis of VX proceeds by multiple pathways and results in a more complex set of products than
the hydrolysis of the G-agents. Across the pH range the P—S bond is cleaved to give two primary
products: EMPA and DESH. EA 4196 is formed by air oxidation of DESH. It is believed tobe a
powerful vesicant, similar in effect to mustard (Small, 1983, cited in Rosenblatt, et al., 1995). In the
middle and higher pH ranges additional reaction pathways contribute to the mix of hydrolysis products.
In addition to P-S bond cleavage, the P-O—C bond to the ethoxy group and the C—S bond also are broken
(Epstein, et al., 1974, cited in Rosenblatt, et al., 1995). The product of ethoxy group cleavage, EA 2192
is comparatively stable towards hydrolysis. Contrary to earlier opinion, Yang and coworkers (1992)
demonstrated that up to 13% percent EA 2192 formed during the hydrolysis of VX even in aqueous 0.1
M NaOH. Szfraniec and coworkers who found that 17% EA 2192 formed in aqueous 2.0 M NaOH
confirmed this (Szfraniec, et al., 1993, cited in Rosenblatt, et al., 1995). The C-S bond cleavage in the
neutral pH range results in the formation of O-ethyl methylphosphonothioic acid, diisopropylaminoethyl
sulfide and possibly other minor products (Epstein, et al., 1974, Yang, et al., 1990, cited in Rosenblatt, et
al., 1995).

The *'P NMR evidence confirms that in alcoholic NaOH VX reacts to form the sodium salts of EMPA
and EA 2192 (Durst, et al., 1988). Table 3.1-10 summarizes the starting materials and final products in
the alkaline hydrolysis of VX (Rosenblatt, et al., 1995).
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Table 3.1-10,  Products of Alkaline Hydrolysis of VX.

Principal Starting Materials Principal Final Products
vX Na[EMPA] (sodium salt of ethyl methylphosphonic acid)
DESH (2-diisopropylaminoethanethiol)
EA 2192

Product of air oxidation

EA 4196 [Bis(2-diisopropylaminoethyl) disulfide] formed by the air
oxidation of DESH

Products formed closer to neutral pH
O-ethyl methylphosphonothioic acid
Diisopropylaminoethyl sulfide

Trace Starting Materials Trace Final Products
N,N’-diisopropylcarbodiimide N,N"-diisopropylurea
N,N’-dicyclohexylcarbidiimide N,N -dicyclohexylurea

A heat of reaction for the alkaline hydrolysis of VX was not found. VX hydrolysis rates are slower than
those of the G-agents. A half-life of 2.5 hours has been reported for the hydrolysis of VX in water at pH
12 at 25° C (Epstein, et al., 1974, cited in Rosenblatt, et al., 1995).

According to Rosenblatt, it is extremely unlikely that VX, once hydrolyzed, would form again under any
conditions (Rosenblatt, et al., 1995).

3.1.11 Chemical Neutralization of VX with Hvpochlorite in Basic Solution

DPG routinely neutralizes VX with 5% aqueous NaOCl, 10% aqueous HTH, and aqueous STB slurry.
This discussion applies to the neutralization of VX in hypochlorite solution at a high pH. The source of
hypochlorite ion may be NaOCI, HTH, or STB.

The reactions of hypochlorite with VX in basic solution have not been defined completely. With
sufficient excess hypochlorite, the stoichiometry of the reaction has been reported as:

VX + 9 NaOCl + 7 NaOH -
Na[EMPA] + Diisopropyl amine + 9 NaCl + 5 H,O + Na,SO, + 2 Na,CO,

where: Na[EMPA] is the sodium salt of EMPA (Durst et al. 1988)

The *'P NMR evidence indicates that VX forms the anion of EMPA plus a small amount of the anion of
methylphosphonic acid in 5.25% NaOCI (Durst, et al., 1988). Table 3.1-11 (Rosenblatt, et al., 1995;
Durst, et al., 1988) presents the starting materials and final products in the alkaline hydrolysis of VX in
basic hypochlorite solution.
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Table 3.1-11.  Products of neutralization of VX in Sedium Hypochlorite Solution.

Principal Starting Materials Principal Final Products
VX [O-ethyl-S-(2-diisepropytaminoethyl) Na[EMPA] (sodium salt of ethyl methylphosphonic acid)
methylphosphonothioate] Sulfate, Carbonate, Chloride, and
Diisopropyl amine
Trace Starting Materials Trace Final Products
N,N’-diisopropylcarbodiimide N.N"-diisopropylurea (possibly reversibly chlorinated)
N,N’-dicyclohexylcarbidiimide N,N’-dicyclohexylurea (possibly reversibly chlorinated)
Na[methylphosphonate]
ocCl Chlorate (C10,)

The reaction is exothermic, with a heat of reaction reported at “approximately -700,000 cal/mol for the
reaction of VX with alkaline hypochlorite. The reaction rate in 10% HTH has been reported as ~ 70
seconds at 25° C (Yurow and Davis, 1982).

With the formation of sulfate, carbonate and diisopropylamine during the reaction of VX with
hypochlorite, the chemical agent is completely disrupted and it is extremely unlikely that VX would form

again under any conditions (Rosenblatt, et al., 1995).

3.1.12 Chemical Neutralization of Vx by Alkaline Hydrolysis

Vx is only slightly soluble in water at room temperature (Field Manual 3-9,1990). DPG neutralizes Vx
with 10% aqueous NaOH, 10% NaOH in alcohol. 10% aqueous Na.CO,, and concentrated NH,OH.

The hydrolysis of Vx is expected to proceed similarly to that of VX. Table 3.1-12 summarizes the
presumed starting materials and final products in the alkaline hydrolysis of Vx. It is possible that Vx
would require the addition of a stabilizer for long-term storage. It is not known whether a stabilizer was
used with stored Vx.

Table 3.1-12,  Products of Alkaline Hydrolysis of Vx

Principal Starting Materials Principal Final Products
Vx Na[EMPA] (sodium salt of ethyl methylphosphonic acid)
2-dimethylaminoethanethiol
The Vx analog of EA 2192

Product of air oxidation
The Vx analog of EA 4196 formed by the air oxidation of
2-dimethylaminoethanethiol
Products formed closer to neutral pH

O-ethyl methylphosphonothioic acid
Dimethylaminoethyl sulfide

Trace Starting Materials? Trace Final Products?
N,N"-diisopropy!carbodiimide N,N’-diisopropylurea
N,N’-dicyclohexylcarbidiimide N,N’-dicyclohexylurea
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The hydrolysis rate for Vx may faster than that of VX because of the difference in molecular weight. By
comparison to VX it is extremely unlikely that Vx, once hydrolyzed. would form again under any
conditions.

3.1.13 Chemical Neutralization of Vx with Hypochlorite in Basic Solution

DPG neutralizes Vx with 5% aqueous NaOC!, 10% aqueous HTH, and aqueous STB slurry. This
discussion applies to the decontamination of Vx in hypochlorite solution at a high pH. The source of
hypochlorite ion may be NaOCi, HTH, or STB.

The reactions of hypochlorite with Vx in basic solution are expected to be similar to those of VX. Table
3.1-13 summarizes the products of decontamination of Vx in NaOCl.

Table 3.1-13.  Products of Neutralization of Vx in Sodium Hypochlorite Solution.

Principal Starting Materials Principal Final Products

Vx [0-ethyl-S-(2-dime|hylanJ1inoethy]) Na[EMPA] (sodium salt of ethyl methylphosphonic acid)
methyiphosphonothioate] Sulfate, Carbonate, Chloride, and

Dimethyl amine

Trace Starting Materials? Trace Final Products?

N,N"-diisopropylcarbodiimide N.N'-diisopropylurea (possibly reversibly chlorinated)
N, N'-dicyclohexylcarbidiimide N,N’-dicyciohexylurea (possibly reversibly chlorinated)
ocCr Chlorate (C10,)

By comparison to the reaction of VX with hypochlorite, the reaction of Vx with hypochlorite probably is
rapid and exothermic. With the formation of sulfate, carbonate and dimethylamine during the reaction of
Vx with hypochlorite, the chemical agent is completely disrupted and it is extremely unlikely that Vx

would form again under any conditions.

3.1.14 Chemical Neutralization of H/HD with Hypochlorite in Basic Solution

HD is less than 1% soluble in water (Field Manual 3-9, 1990). DPG routinely neutralizes H/HD with 5%
aqueous NaQOCl, 10% aqueous HTH, and aqueous STB slurry. This discussion applies to the chemical

neutralization of H/HD in hypochlorite solution at a high pH. The source of hypochlorite ion may be
NaQCl, HTH, or STB.

Under optimum conditions (excess neutralization reagent, high pH, and adequate stirring) hypochlorite
will oxidize H/HD to sulfate, chloride and carbon dioxide according to the following equation:

(CICH,CH,),S + 14 OCI' > SO47 + 16 CI' + 4 CO, + 4 H" + 2 H,0
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C NMR analysis of one such reaction mixture revealed greater than 99.5% destruction of HD and the
formation of about 20 uncharacterized carbon-containing products. With a deficiency of hypechlorite,
the sulfoxide and/or the sulfone of mustard may persist (Durst, et al., 1988).

Little is known about the effect of hypochlorite upon the impurities produced during the manufacture of
mustard. [t is likely that conditions favorable to the complete mineralization of mustard to sulfate,
chloride and carbon dioxide also will oxidize the additional sulfur atoms in the polysulfides. Other
sulfur-containing impurities probably would be oxidized as well, if not to sulfate, at least to sulfoxides,
sulfones or sulfonic acids (Rosenblatt, et al., 1995).

Table 3.1-14 presents the starting materials and final products in the alkaline hydrolysis of H/HD in basic
hypochlorite solution (Rosenblatt, et al., 1995).

Table 3.1-14.  Products of Neutralization of H/HD in Sodium Hypochlorite Solution.

Principal Starting Material Principal Final Products
HD Sulfate, chioride, and carbon dioxide
Other Starting Materials Other Final Products
Impurities >1% reported in Mustard (H), or Expected to form sulfate, chloride, and carbon dioxide. If
stored HD: not, at least sulfoxides, sulfones or sulfonic acids

HD Disulfide in H

1,4-Dithiane in H/HD

HD Trisulfide in H
1,2-bis(2-Chloroethylthio)ethane in H/HD
1,2.3-Trithiolane in H

1.4-Thioxane in H

1,2-Dichloroethane in HD
S{CH.CH.,CH.CI), isomers in HD

OCI' in H/HD ClO;

Yurow and Davis (1982) characterize the reaction of mustard with hypochlorite as “highly exothermic™
(Yurow and Davis, 1982). Half-life data for the reaction were not found in this research. [DATA GAP] j

-~

With the formation of sulfate, chloride, and carbon dioxide during the reaction of HD with hypochlorite,
there is no reason to expect its re-formation (Rosenblatt, et al., 1995).

3.1.15 Chemical Neutralization of HT with Hypochlorite in Basic Solution

The HT mixture is barely soluble in water (Field Manual 3-9, 1990). DPG routinely neutralizes HT with
5% aqueous NaOCl, 10% aqueous HTH, and aqueous STB slurry at a high pH. This discussion applies

to the neutralization of HT in hypochlorite solution. The source of hypochlorite ion may be NaOCl,
HTH, or STB.
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T has not been studied as a separate agent. Its chemistry is very close to that of mustard and the
neutralization reactions of mustard are expected to apply to HT with small differences attributable to
solubility and reaction rates (Durst, et al., 1988). Therefore, under optimum conditions (excess
neutralization reagent, high pH, and adequate stirring) hypochlorite is expected to oxidize HT as well as
mustard to sulfate, chloride and carbon dioxide (Durst, et al., 1988).

3.1.16 Chemical Neutralization of HQ with Hypochlorite in Basic Solution

The HQ mixture is expected to behave similarly to the HT mixture. Because DPG neutralizes HT with
5% aqueous NaOCl, 10% aqueous HTH, and aqueous STB slurry at a high pH, these neutralization
solutions are expected to perform similarly for HQ.

Q has not been studied as a separate agent. Its chemistry is very close to that of mustard and the
chemical neutralization reactions of mustard are expected to apply to HQ with small differences
attributable to solubility and reaction rates. Therefore, under optimum conditions (excess neutralization
reagent, high pH, and adequate stirring) hypochlorite is expected to oxidize HQ as well as mustard to
sulfate, chloride and carbon dioxide.

3.1.17 Chemical Neutralization of HN-1 and HN-3 with Hypochlorite in Basic Solution

HN-1 and HN-3 are sparingly soluble in water, with HN-3 being the least soluble (Field Manual 3-9,
1990). DPG neutralizes HN-1 and HN-3 with 5% aqueous NaOCl, 10% aqueous HTH, and aqueous STB
slurry.

Yurow and Davis (1982) reported that the only information found concerning aqueous oxidative

neutralization of the nitrogen mustards was a reference to some exploratory studies.

3.1.18 Chemical Neutralization of L with Hypochlorite in Basic Solution

L is insoluble in water (Field Manual 3-9, 1990). DPG routinely neutralizes L with 5% aqueous NaOCl,
10% aqueous HTH, and aqueous STB slurry at a high pH. This discussion applies to the chemical

neutralization of L in hypochlorite solution. The source of hypochlorite ion may be NaOCI, HTH, or
STB.

Four substances have been found in stored L. L-1 is the primary component. L-2 is also a vesicant and
may be present up to 10% or 20%. Some AsCl, is present as well (Yurow and Davis, 1982). L-3 is
found in stored L. Smith and coworkers (1993) reported the analysis of a sample of distilled L. They
found 95% trans isomer, <2% cis isomer, and 3% of a geminal isomer that has the chlorine attached to
the carbon atom bonded to arsenic. The presence of the geminal isomer may explain Hewitt’s report that
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an isomer of L dissolved in cold NaOH without the evolution of acetylene and formed vinyl chloride
when the solution was warmed to 40° C (Hewitt, 1948).

Most of the information discovered regarding the chemical neutralization of L focuses upon alkaline
hydrolysis. When mixed with water L forms Lewisite oxide, CICH=CHAsO, which goes on to
polymerize. The aqueous solution of Lewisite oxide has vesicant properties (Durst, et al., 1988). The
formation of Lewisite oxide is minimized or eliminated in an alkaline neutralization solution. The
alkaline hydrolysis is written as:

CICH=CHASCL, + 6 NaOH = Na,AsQ, + 3 NaCl + H,C, + 3 H,0

(Yurow and Davis, 1982). The formation of acetylene is temperature and pH dependent. Waters and
Williams reported that at 16° C the pH of a solution of L must be at least 10.5 to form acetylene, and that
the pH must be at least 9 to form acetylene at 50° C (Waters and Williams, 1950).

Durst and coworkers (1988) cited a report by Buswell and Price (1944) that the reaction of L with
hypochlorite has been studied, but because of the relatively slow kinetics of oxidation in solution, it
offers no advantage over aqueous sodium hydroxide. According to Durst and coworkers (1988), the
reaction of L with 5.25% NaOCl in aqueous solution proceeds as an alkaline hydrolysis, producing
arsenite, chloride, and acetylene with the hypochlorite serving as a source of hydroxide. The "C NMR
spectra confirm the rapid disappearance of L from the solution. Small traces of some uncharacterized
carbon compounds remained. Evidently not much L-2 was present in the NMR sample. The evolution
of acetylene was observed (Durst, et al., 1988). The hypochlorite will oxidize the arsenite (AsO, ™) 1o
arsenate (AsO,”).

Table 3.1-15 presents the starting materials and final products in the neutralization of L in basic
hypochlorite solution (Yarow and Davis, 1982; Durst, et al., 1988; Smith, et al., 1993),

Table 3.1-15.  Products of Neutralization of L in Sedium Hypochlorite Solution.

Principal Starting Material Principal Fina) Products
L. or L-1 Acetylene, AsO”, and Chloride ion
Other Starting Materials Other Final Products
L-2 and L-3 Probably Acetylene, AsO”, and Chloride ion
Geminal-Lewisite, (CH,=CHCIAsC!,) Viny! chloride, and possibly AsO,, and Chloride ion
AsCl, AsO?
oCr Cloy
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The alkaline hydrolysis reaction has been reported as complete in less than 10 seconds with a heat of
reaction of -102,000 cal/mol. L-2 appears to decompose more slowly in aqueous sodium hydroxide than
does Lewisite (Yurow and Davis, 1982).

With the formation of acetylene during the reaction of L with hypochlorite there is no reason to expect its
re-formation.

3.1.19 Chemical Neutralization of HL with Hypochlorite in Basic Solution

HL is a variable combination of HD and L that provides a mixture of low freezing point for use in cold
weather operations or high-altitude spray (Field Manual 3-9, 1990). Because H and L are not very
soluble in water the mixture is not expected to be soluble in water either. DPG neutralizes HL with 5%
aqueous NaOCl, 10% aqueous HTH, and aqueous STB slurry.

Little information was found regarding the neutralization of HL mixtures specifically. Yurow and Davis
(1982) recommended the use of 2-aminoethano! as a neutralization Solution for HL. The neutralization

reactions of mustard and L in hypochlorite are expected to apply to HL.

3.1.20 Applicability of Chemical Neutralization as a Treatment Technology for Chemical Agent-related

Waste Streams

The neutralization products for chemical agents presented in Section 3.1 are based on results from
experiments performed in solution instead of chemical agent-related waste streams. The waste streams
at DPG include solid materials that have been exposed to chemical agents. Much of the testing
performed at DPG involves exposing a variety of materials to chemical agents. The exposure of
impermeable, chemically unreactive substrates (such as stainless steel or glass) to chemical agents will
result in minimal sorption of the agents. Painted metal is expected to absorb more, while plastics and
elastomers would absorb even more. The neutralization solutions used do not penetrate permeable
materials (paint, plastics, and elastomers), and additional time is required for the chemical agent to
diffuse out of the permeable material into the neutralization solution. Once the chemical agent diffuses
out of the permeable material into the neutralization solution its neutralization rate follows solution
neutralization rates. The amount of agent absorbed by permeable substrates is a function of the
concentration of agent and the time of exposure. The longer the delay between exposure of a permeable
substrate to agent and the application of neutralization solution, the longer the neutralization process is
expected to take (Rosenblatt, et al., 1995).

DPG chemical agent-related waste streams may also contain water-immiscible solvents such as
chloroform or heptane. These solvents accumulate when standard solutions of agents or solutions of

agent extracted from solid test items are discarded. In some situations, separate layers form in the
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chemical neutralization vessel. DPG collects representative samples of the contents of liquid waste
drums for agent analysis before disposal.

3.2 PERFORMANCE DATABASE

This section presents the DPG performance database. The performance database is the analytical results
of chemical agent waste streams from DPG for approximately a 1-year period beginning March 27, 1997
through February 4, 1998. Chemical neutralization procedures used at DPG will be considered
demonstrated if the data presented in the database indicate that the chemical agent concentration is less
than the drinking water standard presented in Section !.1. The sample descriptions provided in the
database were taken directly from the description provided with the analytical sample. The database is
presented as Table 3.2-1.
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Table 3.2-1. Dugway Proving Ground Performance Database.

Page 1 of 2

_ieporled Chemical Agent Eonunlrat.lons
Chemiaal Chemical
Laboratory Laborstory ]
Sample Description Number AnalydsDate | 85 | 8 | B | 5| 8 | & |8 ||
soda ash dec ination 97-050, DUP 32197 - ND - - — — - -
oda ash/itric acid decontamination 97-063-1 4/8/97 - ND - = - - - -
ater andl sotfa ash, bleaches/rinses from chemical 97-063-2 ARI97 _ ND _ R _ _ _ _
econtamination
itric_ acid decontamination 97-063-3 4/8/97 - - - - - - -
aste, alcoholic caustic decontamination 97-068-1,.2 4722197, 4129197 - ND —~ ND - ND | —
bleach decontam ination 97-080. DUP 5/16/97 - -1 - — - - - | ND
leach decontamination 97-081, DUP 5/15/97 - ND = - ND -~ — -
leach decontamination 97-082 511591, 516917 - = ND ~ ND — ND | -
IBleach decontamination solutions 97-09%, DUP 6/10/97, 6724/97 ND }| ND | ND | ND | ND - ND -
lAlcoholcaustic decontamination solutions 97-100, DUP 6/10/97,6/24/97 | ND | ND | ND | ND | ND - ND | -
[Technicon nerve agent analysis waste, caustics/alechols
§from chemical decontaminaticn, liquid
decontamination, analysis of VX waste, may contain 97-110A. B 719797 - - - = - = ND | -
bwater, acetate buffers, enzymes
Spent bleach decontamnation solutions, agent
Hecontamination and rinses. may contain water, HTH, |97-111 A. B 7691 TH99T | ND | ND | ND | ND | ND - ND | -
k hlocoform
'Water, bleach rinses decontamination agent bleach
7- . - - . -
Loasee GO HD. VX 97-112A.B 7116197 ND ND ND
[Water, bleach decontamination rinses (STB) 97112 A. B 7416197 - - ND -- ND - ND | -
leach \fuue. Tc?hmcon hquid. from technicon 97113 A, B 111997 _ _ _ _ _ ~ NG | -
nzymatic analysis
leach deconcontamination waste. liquid
econtamination of VX waste. composite of 10 drums, |97-113C.D 1119197 - - - - - -- ND | -
ay contain water, VX, HTH
[Waste, alcohol caustics solutions, alcohol caustc
[deconcontamination solutions, may contain water, 97-120 A. B 8/5/97, 816497 - ND - - ND - ND -
acetone. isopropvl. alcohol
aste bleach decontaminalion solutions, may cobtan 97.171 A. B 8/5197. 8/6/97 ND ND ND ND D _ ND B
jwater. HTH
[Waste alcohol/caustic, liquid caustic decontamination
olutions, uu:.l_qc_nkohnls for dcconummauo:.l of GB, 97-130 A, B 82597 ~ ND _ ND _ _ . _
F. may contain isopropyl alcohol, water, sodium
ydroxide
A kcohol/caustic decontamination selution, hquid,
lalcohol caustic decoptamination solutuon of GB, GF, [97-131 A.B 8/25/97 - ND - ND - - - -
Pnay contain isopropv] alcohol. cthanol, water
|alcobol/canstic waste decontamination solution,
caustic liquid decontamination solution. agenl 97-138 A.B 9/15/97.9117/97 | ND | N\D | ND | ND | ND - ND | -
decontamination with caustic solutions
\Tv'u.lc. Lewsite bleach decontamination sohution, 97.132 A. B 91197 _ . _ _ _ _ _ ND
Piquid
tquid bleach decontamination solution, agent 97-140 A, B snswrenmr | o {Np | sp{sp | so| - | s | -
ccontamination with bleach solutions
leach decontamination solution, water, solids: PPE. 07147 A, B srsiwronemt | No | v | s | »p | v _ ND .
lass, chem-wipes
lcohol/causuc solidiquid comination: PPE,
lassware, chem-wipes, plastic bags, alcoholicaustic  |97-153 A, B 1020197 ND | ND | ND | ND | ND - ND | -~
econtamination of solids and liquids
iquid bleach decontamination of L, may contain .
[‘-ak'ium. hypochlorite. water L decontamination 97156 A, B 10120/ ND | ND | ND } ND | ND B ND | ND
IBleach decontamination of sohd/liquid combinanon  [97-161 A, B 10/29/97, 1073097 ND | ND | ND | ND | ND - ND { -~
iquid bleach decontamination of L, from
ccontamination of hoses, the history of which showed o, \ 0, , 1t tnos?| No [ Ao | No | N [ ND | - | 8D | WD
Il agents including L. may contain bieach, water.
aces of alcchol
iquid bleach decontamination, solid/liquid
ombination waste, decontammation with bieaches of [97-167 A, B 11/4/97. 1146197 ND | ND | ND ND - ND | -
gens which are st generated
P55, hquid/solid, decontamination of solids and
iquids exposed to agents through testing, solidsand g, .5 g 14197 | sp ||| s| - [0 -
iquids in alcohol/caustic decontamination solutions
[/GO0BD/T/DECONFIN AL/ Tab32- L Xy 3—21
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Table 3.2-1. Dugway Proving Ground Performance Database.

Page 2 of 2

. : —
Reported Chemical Agent Concentrations

Chemical Chemical
Laboratory Laboratory < a o
Analyss Dat ] B ;
— . Slﬂlp.lt I?cscrlpdon . Number ysis Date 2] < <l <] E E ;
ux:i{:;l:: decontamination of agents and solid rems 97.178 A B 12/8-11/97 o || | N _ v | -
olid/)iquid combination, alcoholcaustics, generated
ough the decontamination with caustics process 98-004 A, B 1729198 ND | ND | ND | ND | ND - ND | -
lcach decancontammation of solid/liquid combination
aste, generated through lab clean-up 8011 A B 214198 ND | ND | ND | ND | ND B ND | ND
ﬁlud: dﬂ.:ont.ammllon process waste, solid/liquid 98-012A. B 214198 o lnolno | so | Np _ o
om multiple tests

-- Not Analyzed
ND Not Detected

Detection limits afe the same concentration as the U.S. Amy's drinking water standards.

Detection limits are based on chemical agent in brine and are as follows.

GA  0.02 milligramsAiter (mg/L)
GB  0.02 mg/.

GD  0.02mgL

VX 002 mgh

HD 02mgl

L 20mg/

1./GOOBD/T2A/DECON/FIN AL/Tab32- | als
Rev 772348, 1224 PM

3-22



4.0 SUMMARY AND CONCLUSIONS

This section summarizes the evaluation for each of the categories of the chemical agent neutralization

procedures that are routinely used at DPG and concludes whether the chemical neutralization procedure

as an LDR treatment technology is applicable. These summaries and conclusions are based on the

evaluation categories presented in Section 3.1 and demonstrated using the DPG performance database

presented in Section 3.2. These summaries and conclusions are presented in the following tables:

The order of the summary and conclusion tables are as follows:

* ¢ & ¢ & & 4 4 S S+ " S P > 9

[NGOOB\T24\DECONVFINALVSECTS DOC

Table 4.0-1
Table 4.0-2
Table 4.0-3
Table 4.0-4
Table 4.0-5
Table 4.0-6
Table 4.0-7
Table 4.0-8
Table 4.0-9
Table 4.0-10
Table 4.0-11
Table 4.0-12
Table 4.0-13
Table 4.0-14
Table 4.0.15
Table 4.0-16
Table 4.0-17
Table 4.0-18

Rev. 7723798, 4:31 PM

Alkaline Hydrolysis of GA

Alkaline Hypochlorite Neutralization of GA
Alkaline Hydrolysis of GB

Alkaline Hypochlorite Neutralization of GB
Alkaline Hydrolysis of GD

Alkaline Hypochlorite Neutralization of GD
Alkaline Hydrolysis of GF

Alkaline Hypochlorite Neutralization of GF
Alkaline Hydrolysis of VX

Alkaline Hypochlorite Neutralization of VX
Alkaline Hydrolysis of Vx

Alkaline Hypochlorite Neutralization of Vx
Alkaline Hypochlorite Neutralization of H/HD
Alkaline Hypochlorite Neutralization of HT
Alkaline Hypochlorite Neutralization of HQ
Hypochlorite Neutralization of HN-1 and HN-3
Alkaline Hypochlorite Neutralization of L
Alkaline Hypochlorite Neutralization of HL
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Table 4.0-1.

Alkaline Hydrolysis of GA.

Evaluation Category

General chemistry
& NMR Data

Thermodynamics

Experimental evidence confirms the identity of the primary products of the alkaline
hydrolysis of GA as Na[ethyl dimethylaminophosphonate] and NaCN. Products from
the hydrolysis of the known impurity are present in low concentration.

Thermodynamic considerations predict that the neutralization reaction proceeds to

& Kinetics completion. Kinetic measurements confirm that the reaction is sufficiently rapid.
Re-formation of Under conditions of alkaline hydrolysis in dilute solution the re-formation of agent is
Agent not expected.

Performance The performance database contains five samples where this neutralization procedure
Database has been used at DPG in the past year.

Conclusions Alkaline hydrolysis is applicable to the neutralization of GA, if the cyanide ion is kept
below acceptable levels. Alkaline hydrolysis neutralization of GA has been
demonstrated at DPG.

Table 4.0-2. Alkaline Hypochlorite Neutralization of GA.

Evaluation Category

General chemistry
& NMR Data

Thermodynamics
& Kinetics

Re-formation of
Agent
Performance
Database

The sodium salt of the phosphonate ion resulting from the alkaline hypochlorite
neutralization of GA is the primary product of this reaction. The cyanide ion is
destroyed by hypochlorite. This research did not confirm the fate of the
dimethylamino group. Reaction products from the known impurity are present in low
concentration. Excess hypochlorite can form chlorate upon standing.

By comparison with GB, thermodynamic considerations suggest that the neutralization
reaction proceeds to completion and kinetic considerations suggest that the reaction is
sufficiently rapid.

Under the conditions of hypochlorite neutralization in dilute alkaline solution cyanide
ion is destroyed and the re-formation of agent is not possible.

The performance database contains 12 samples where this neutralization procedure
has been used at DPG in the past year.

Conclusions

Hypochlorite neutralization is applicable to the neutralization of GA. Alkaline
hypochlorite neutralization of GA has been demonstrated at DPG.
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Table 4.0-3.

Alkaline Hydrolysis of GB.

Evaluation Category

General chemistry
& NMR Data

Thermodynamics

A large body of experimental evidence confirms the identity of the primary products
of alkaline hydrolysis of GB are Na[IMPA] and NaF. Products from the hydrolysis of
known additives and impurities are present in low concentration.

Thermodynamic considerations predict that the neutralization reaction proceeds to

& Kinetics completion. Kinetic measurements confirm that the reaction is sufficiently rapid.
Re-formation of Under conditions of alkaline hydrolysis in dilute solution the re-formation of agent is
Agent not expected.
Performance The performance database contains two samples where this neutralization procedure
Database has been used at DPG in the past year
Conclusions Alkaline hydrolysis is applicable to the neutralization of GB. Alkaline hydrolysis
neutralization of GB has been demonstrated at DPG.
Table 4.0-4, Alkaline Hypochlorite Neutralization of GB,

Evaluation Category

General chemistry
& NMR Data

Thermodynamics

Experimental evidence confirms the identity of the primary products of alkaline
hypochlorite neutralization of GB to be the same as those from alkaline hydrolysis.
Reaction products from the known impurities are present in low concentration.
Reaction products from the known additives may include low concentrations of
reversibly chlorinated ureas. Excess hypochlorite can form chlorate upon standing.

Thermodynamic considerations suggest that the neutralization reaction proceeds to

Rev 7:23/98, 4:31 PM

& Kinetics completion. Kinetic measurements confirm that the reaction is sufficiently rapid.
Re-formation of Under the conditions of hypochlorite neutralization in dilute alkaline solution the re-
Agent formation of agent is not expected.
Performance The performance database contains seven samples where this neutralization procedure
Database has been used at DPG in the past year.
Conclusions Hypochlorite neutralization is applicable to the neutralization of GB. Alkaline
hypochlorite neutralization of GB has been demonstrated at DPG.
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Table 4.0-5.

Alkaline Hydrolysis of GD.

Evaluation Category

& NMR Data

& Kinetics

Re-formation of

General chemistry

Experimental evidence confirms the primary products of alkaline hydrolysis of GD are
Na[PMPA] and NaF. Products from the hydrolysis of known additives and impurities
are present in low concentration.

Thermodynamics

By comparison with GB, thermodynamic considerations suggest that the neutralization
reaction proceeds to completion. Kinetic measurements confirm that the reaction is
sufficiently rapid. An organic solvent may be added to the neutralization solution to
increase the solubility of GD.

Under conditions of alkaline hydrolysis in dilute solution the re-formation of agent is

Agent not expected.
Performance The performance database contains six samples where this neutralization procedure
Database has been used at DPG in the past year.
Conclusions Alkaline hydrolysis is applicable to the neutralization of GD. Alkaline hydrolysis
neutralization of GD has been demonstrated at DPG.
Table 4.0-6. Alkaline Hypochlorite Neutralization of GD.

Evaluation Category

& NMR Data

& Kinetics

Re-formation of

General chemistry

Experimental evidence confirms the identity of the primary products of alkaline
hypochlorite neutralization of GD to be the same as those from alkaline hydrolysis,
Na[PMPA] and NaF. Reaction products from the known impurities are present in low
concentration. Excess hypochlorite can form chlorate upon standing.

Thermodynamics

By comparison with GB, thermodynamic considerations suggest that the neutralization
reaction proceeds to completion and kinetic considerations suggest that the reaction is
sufficiently rapid. An organic solvent may be added to the neutralization solution to
increase the solubility of GD.

Under the conditions of hypochlorite neutralization in dilute alkaline solution the re-

Agent formation of agent is not expected.
Performance The performance database contains 15 samples where this neutralization procedure
Database has been used at DPG in the past year.
Conclusions Alkaline hypochlorite neutralization is applicable to the neutralization of GD.
Alkaline hypochlorite neutralization of GD has been demonstrated at DPG.
LAGOOST24 DECONFINALSECT4 DOC 4-4
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Table 4.0-7.

Alkaline Hydrolysis of GF.

Evaluation Category

& NMR Data

& Kinetics

Re-formation of

General chemistry

Little experimental evidence was found regarding the products of the alkaline

hydrolysis of GF. The products of hydrolysis of GF are expected to be similar to the
products of hydrolysis of the related agents, GB and GD. The products of hydrolysis
of probable additives and impurities are expected to be present in low concentrations.

Thermodynamics

Thermodynamic considerations suggest that the neutralization reaction proceeds to
completion. Kinetic considerations indicate that the reaction is sufficiently rapid.
Allowance may need to be made (longer time for neutralization or use of an organic
solvent) for the low solubility of GF in water.

Under conditions of alkaline hydrolysis in dilute solution the re-formation of chemical

Agent | agent is not expected.
Performance The performance database contains seven samples where this neutralization procedure
Database has been used at DPG in the past year.

Conclusions Based upon the similarity of GF to GB and GD, alkaline hydrolysis is considered
applicable to the neutralization of GF. Alkaline hydrolysis of GF has been
demonstrated at DPG.

Table 4.0-8, Alkaline Hypochlorite Neutralization of GF.

& NMR Data

& Kinetics

Re-formation of

Evaluation Category
General chemistry

Little experimental evidence was found regarding the products of the neutralization of
GF in alkaline hypochlorite. By comparison with the reactions of the related agents,
GB and GD, the products of hydrolysis of GF are expected to be similarly innocuous.
Products of hydrolysis of probable additives and impurities are present in low
concentrations. Excess hypochlorite can form chlorate upon standing.

Thermodynamics

By comparison with GB, thermodynamic considerations suggest that the neutralization
reaction proceeds to completion and kinetic considerations suggest that the reaction is
sufficiently rapid. Allowance may need to be made (longer time for neutralization or
use of an organic solvent) for the low solubility of GF in water.

Under the conditions of hypochlorite neutralization in dilute alkaline solution the re-

Agent formation of agent is not expected.
Performance The performance database contains 11 samples where this neutralization procedure
Database has been used at DPG in the past year.
Conclusions Hypochlorite neutralization is applicable to the neutralization of GF. Alkaline
hypochlorite neutralization of GF has been demonstrated at DPG.
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Table 4.0-9.

Alkaline Hydrolysis of VX.

Evaluation Category

General chemistry

There is convincing evidence that the principal products of the alkaline hydrolysis of

& NMR Data VX are the sodium salt of ethyl methylphosphonic acid, DESH and EA 2192. DESH
can be air oxidized to EA 4196. Products from the hydrolysis of known additives and
impurities are present in low concentration.

Themmodynamics | Thermodynamic considerations suggest that the neutralization reaction proceeds to

& Kinetics completion. Kinetic considerations indicate that the reaction is sufficiently rapid.

Re-formation of Under conditions of alkaline hydrolysis in dilute solution the re-formation of VX is

Agent not expected.

Performance The performance database contains eight samples where this neutralization procedure

Database has been used at DPG in the past year.

Conclusions Because the possible formation of EA2192 and EA4196, alkaline hydrolysis is not the

preferred neutralization procedure for VX. Alkaline hydrolysis of VX has been
demonstrated at DPG.

Table 4.0-10,

Alkaline Hypochlorite Neutralization of VX,

Evaluation Category

General chemistry
& NMR Data

Thermodynamics
& Kinetics
Re-formation of
Agent
Performance
Database

The neutralization reaction of VX in alkaline hypochlorite has not been characterized
completely. Reaction products from the known impurities are present in low
concentration. Reaction products from the known additives may include low
concentrations of reversibly chlorinated ureas. Excess hypochlorite can form chlorate
upon standing.

Thermodynamic considerations predict that the neutralization reaction proceeds to
completion. Kinetic measurements confirtn that the reaction is sufficiently rapid.

Under the conditions of hypochlorite neutralization in dilute alkaline solution the re-
formation of VX is not possible.

The performance database contains 17 samples where this neutralization procedure
has been used at DPG in the past year.

Conclusions

Alkaline hypochlorite neutralization is applicable to the neutralization of VX.
Alkaline hypochlorite neutralization of VX has been demonstrated at DPG.
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Table 4.0-11.

Alkaline Hydrolysis of Vx.

Evaluation Category

General chemistry
& NMR Data

Thermodynamics
& Kinetics

Re-formation of

By comparison to VX it is expected that the principal products of the alkaline
hydrolysis of Vx are the sodium salt of ethyl methylphosphonic acid, the Vx analogs
of DESH and EA 2192. The Vx analog of DESH may be air oxidized 1o the Vx analog
of EA 4196. Products from the hydrolysis of known additives and impurities are
expected to be present in low concentration.

By comparison to VX, thermodynamic considerations suggest that the neutralization
reaction proceeds to completion. Similar kinetic considerations indicate that the
reaction is sufficiently rapid.

Under conditions of alkaline hydrolysis in dilute solution the re-formation of Vx is not

Agent expected.
Performance The performance database contains no evidence that this neutralization procedure has
Database been used at DPG in the past year.
Conclusions Because of the possible formation of the Vx analogs of EA2192 and EA4196, alkaline
hydrolysis is not the preferred neutralization procedure for Vx.
Table 4.0-12.  Alkaline Hypochlorite Neutralization of Vx.

Evaluation Category

General chemistry
& NMR Data

Thermodynamics
& Kinetics

Re-formation of
Agent
Performance
Database

The neutralization reaction of Vx in alkaline hypochlorite has not been characterized.
Reaction products from the known impurities are present in low concentration.
Reaction products from the known additives may include low concentrations of
reversibly chlorinated ureas. Excess hypochlorite can form chlorate upon standing.

By comparison with VX, thermodynamic considerations predict that the neutralization
reaction proceeds to completion and comparable kinetic measurements suggest that
the reaction is sufficiently rapid.

Under the conditions of hypochlorite neutralization in dilute alkaline solution the re-
formation of Vx is not expected.

The performance database contains no evidence that this neutralization procedure has
been used at DPG in the past year.

Conclusions

Alkaline hypochlorite neutralization is expected to be applicable to the neutralization
of Vx. Alkaline hypochlorite neutralization of Vx has not been demonstrated at
DPG, however results are expected to be similar to results forvVX.
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Table 4.0-13.

Alkaline Hypochlorite Neutralization of H/HD.

Evaluation Category

General chemistry
& NMR Data

Thermodynamics
& Kinetics
Re-formation of
Apgent

In the presence of excess neutralization solution, at high pH and with adequate
stirring, alkaline hypochlorite will oxidize HD to sulfate, chloride and carbonate. A
variety of uncharacterized compounds remain at low concentration after
neutralization. [mpurities probably are oxidized in a similar manner.

Thermodynamic considerations predict that the neutralization reaction proceeds to
completion. Kinetic data were not found.

Under the conditions of hypochlorite neutralization in dilute alkaline solution the re-
formation of HD is not possible. Allowance may need to be made (longer time for
neutralization or use of an organic solvent) for the low solubility of HD in water.

Performance The performance database contains 16 samples where this neutralization procedure
Database has been used at DPG in the past year.
Conclusions Alkaline hypochlorite is applicable to the neutralization of HD. Alkaline hypochlorite
neutralization of HD has been demonsirated at DPG.
Table 4.0-14.  Alkaline Hypochlorite Neutralization of HT.

Evaluation Category

General chemistry
& NMR Data

Thermodynamics
& Kinetics

Re-formation of
Agent
Performance
Database

The neutralization of HT in alkaline hypochlorite has not been characterized. Agent
T is very similar to HD and is expected to give the same products as HD in the
alkaline hypochlorite neutralization.

Thermodynamic and kinetic data were not found. Based upon the similarity of T to

HD, the reaction is expected to proceed in the same way. Additional allowance may
need to be made (longer time for neutralization or use of an organic solvent) for the

low solubility of T in water.

Under the conditions of hypochlorite neutralization in dilute alkaline solution the re-
formation of HD or T are not expected.

The performance database contains no evidence that this neutralization precedure has
been used at DPG in the past year.

Conclusions

Alkaline hypochlorite is applicable to the neutralization of HT. Alkaline hypochlorite
neutralization of HT has not been demonstrated at DPG, however results are expected
to be similar to results for HD.
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Table 4.0-15.

Alkaline Hypochlorite Neutralization of HQ.

Evaluation Category

General chemistry
& NMR Data

Thermodynamics
& Kinetics

Re-formation of

The neutralization of HQ in alkaline hypochlorite has not been characterized. Agent
Q is very similar to HD and is expected to give the same products as HD in the
alkaline hypochlorite neutralization.

Thermodynamic and kinetic data were not found. Based upon the similarity of Q to
HD. the reaction is expected to proceed in the same way. Additional allowance may
need to be made (longer time for neutralization or use of an organic solvent) for the

low solubility of Q in water.

Under the conditions of hypochlorite neutralization in dilute alkaline solution the re-

Agent formation of HD or Q are not expected.
Performance The perforrnance database contains no evidence that this neutralization procedure has
Database been used at DPG in the past year.

Conclusions

Table 4.0-16.

Alkaline hypochlorite is applicable to the neutralization of HQ. Alkaline hypochlorite
neutralization of HQ has not been demonstrated at DPG, however results are expected
to be similar to results for HD.

Hypochlorite Neutralization of HN-1 and HN-3.

Evaluation Category

General chemistry
& NMR Data
Thermodynamics
& Kinetics
Re-formation of
Agent
Performance
Database

No experimental evidence was found to support the applicability of hypochlorite
neutralization to HN-1 and HN-3,

No thermodynamic or kinetic data were found.

No information regarding the re-formation of HN-1, HN-2, and HN-3 from
neutralization solutions was found.

The performance database contains no evidence that this neutralization procedure has
been used at DPG in the past year.

Conclusions

Consider hypochlorite neutralization not applicable to HN-1 or HN-3 until supporting
information is found. Hypochlorite neutralization of HN-1 or HN-3 has not been
demonstrated at DPG.
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Table 4.0-17.  Alkaline Hypochlorite Neutralization of L.

Evaluation Category

& NMR Data

& Kinetics

Re-formation of

General chemistry

L-1 and its isomers are converted to acetylene, arsenite, and chloride in the presence
of base. In the presence of alkaline hypochlorite the arsenite is converted to arsenate.
L-2 and L-3 are expected to form the same products. A trace of geminal L, if present,
forms vinyl chloride, arsenate, and chloride.

Thermodynamics

Thermodynamic considerations predict that the neutralization reaction proceeds to
completion. Kinetic measurements confirm that the reaction is sufficiently rapid.
Allowance may need to be made (longer time for neutralization or use of an organic
solvent) for the low solubility of L in water.

Under the conditions of hypochlorite neutralization in dilute alkaline solution

Apent acetylene is formed and the re-formation of the L is not possible.
Performance The performance database contains five samples where this neutralization procedure
Database has been used at DPG in the past year.

Conclusions Alkaline hypochlorite is applicable to the neutralization of L. Alkaline hypochlorite

neutralization of L has been demonstrated at DPG.

Table 4.0-18.  Alkaline Hypochlorite Neutralization of HL.

Evaluation Category

& NMR Data

& Kinetics

Re-formation of

General chemistry

The neutralization of HL in alkaline hypochlorite has not been characterized. The
reaction is expected to proceed as parallel HD and L neutralizations.

Thermodynamics

Thermodynamic considerations suggest that the neutralization reactions would
proceed to completion, Kinetic considerations suggest that the reaction is sufficiently
rapid. Allowance may need to be made (lenger time for neutralization or use of an
organic solvent) for the low solubility of HD and L in water.

Under the conditions of hypochlorite neutralization in dilute alkaline solution and the

Agent re-formation of the agents are not expected.
Performance The performance database contains no evidence that this neutralization procedure has
Database been used at DPG in the past year.
Conclusions Alkaline hypochlorite is applicable to the neutralization of HL. Alkaline hypochlorite
neutralization of HL has not been demonstrated at DPG, however results are expected
to be similar to results for HD and L.
I\GOOR\T2DECONFINAL\SECT4 DOC 4-10
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CHEMICAL STRUCTURES DICTIONARY

Appendix A contains the chemical structures dictionary. This dictionary contains the chemicals
discussed in the report.
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Chemical Structures Dictionary

1.4 - Dithiane

AR A
=C
KFlss/: \H

CI
bis-(2-chlorovinyl) chloro arsine
orL-2

N
€=

H

T T
HT — N=C=N—CH
CH, CH,

N.N’-Diisopropyl
Carbodiimide

I
Hf—N—C—N—CH
CH, CH,

N.N’-Diisopropylurea

CH

1.4 - Oxathiane

HSCH,CH,N———

CH(CH,),
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|

_AH==CH,

N

CH,CH,0OH
2 - Vinylthioethanol

CH(CH,),

-0—— ﬂ — CH,CH,N* H{CH(CH,),],

0

Diisopropyltaurine

|? CH,

s r‘— OCH(CH,),

OCH(CH,),
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0

—P— OH

SCH2CH,]]\I— CH(CH,),
CH(CH,),
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oH /N — P —OCHCH, CH,—O—P—F
CH, CN CH, CH,
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anion form
cw g ? N
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CH, —C—~-C—O—P—F CH,— P—F Cl1—C -~ C—$—C—C —Cl
/0 O—CH L
CH, H CH, Ll H H H H
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H H H H
I | I I
C—Cc—l (|3 — T““Cl
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I H H _~H H
CH,—C—N < cH,—NZ_
| TSH H Ili 111
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H H
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C— T—CI _r
H H [ CH, f OCH(CH),  CH,— r'— OCH(CH,),
| | _H H
CI—C—C '—N\ OH o-
|1 H H IMPA Ani
nion
H H | IMPA
()
H H
HN-3
H Cl AsCI H ClI
cl | cl Neoc” Sc=c”
AT CTAS H™  H HT  MAsCL
H Cl
L cis-Lewisite geminal-Lewisite
ﬁ CH,CH,0H
CI\ /H o
/C=C\ CH,—[’_OH S
H Ascl, \CH CH,CI
OH 2 2
trans-Lewisite Mustard Chlorohydrin
MPA
CH\3 CH, (ﬁ CH, Cll-l3 ﬁ)
CH, /C'—CH_O—Ei_OH CH, /Z —CH _O_T"“O'
CH CH, CH, CH,
Pinacolylmethyl phosphonic acid Pinacolylmethyl phosphonic acid anion
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CHz~ N HH HH HH HH
Cl CH, CH, S+ C1—C—C—§—C—C—0—C — C~8—C~C—Cl
H H H H H H H H
CH,
Sulfonium Ion Intermediate T
,_~ CH,CH,OH +_~ CH,CH,OH
/CH2CH2< /CHZCHI<
s\ CH,CH,OH s\ CH,CH,0H
CH,CH,0H CH,CH,CI
CH-TG H-TG
CH,CH,0H H,CH,OH
/CHZCst\ S/C e
CH,CH,0H \c
CH,CH,OH H,CH,OH
CH,CH,S Thiodiglycol
CH,CH,0H

H-2TG

) H H 0
(CH,—CH,— CH,—CH,),N CHRS ] | |
—-C—-C—S—P—OCH,CH,
Trbutylamine (CH3)2(E | i i
I HH CH,
VX
0
|
CH,—— P——OC,H, o
Il iC,H
H CH, —P— SCH,CHNZT >
aicsH,
SCH,CH,N*— CH(CH,) i
2 zI V2 SCHZCHZN<_ 3y
CH(CH,), iC,H,

“Bis Impurity” in VX
Protonated VX
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H cI
CI H N 4
N s /T N
C=—=C—As
/ AN _H
. A=
H cI

L-3 or Tris(2-chlorovinyl) arsine

S N
— <|3—<‘3—S—-<|:——c|:— §—C—C—ClI
H H H H H H
Q
o)
Il CH,
CH,—P —OH HS CH2 CH2N
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SCHCHN_ CH,
CH,
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ANALYSIS OF DECONTAMINATION SOLUTIONS
QF G AGENTS TO DETECT REFOQRMATION OF AGENT

1. INTRODUCTION

Recent analyses revealed trace amounts of agent in a 300 gal
holding tank that contained a caustic agqueous solution used to decontaminate G
agents. Under such conditions, G agents are expected to rapidly hydrolyze to
form O-alkyl methylphosphonic acid and fluoride ion.1 Subsequent hydrelysis .
occurs much more glowly to form methylphosphonic acid and the corresponding
alcohol. The unexplained and surprising presence of agent in this solution
raised the possibility that unexpected reactions besides simple hydrolyais
were taking place. The possibility that unexpected reactions were cccurring
raised the issue that our standard laboratory decontaminating procedures
submitted to the State of Haryland2 might be incomplete. It is also important
to resolve this anomaly, because similar analytical procedures may be used to
verify destruction of chemical stockpiles under a chepical-weapons treaty.

To probe deeper into the source of the agent in the decontamination
bath, Chemical Division personnel {U.S. Army Chemical Research, Development
and Engineering Center (CRDEC) ) worked with Analytical DPivision (CRDEC)
analysts to look at each step of the analyses to identify unusual reactions
taking place. Chemical Division psrscnnel alsc reviewed the literature for
similar anomalies in the analyses of chemical agents.

Before discussing the analyses of the ingredients in the holding
tank, the recent history cf the use of the tank should be reviewed.

The heolding tank is located in the toxic chamber that is used for
full-scale testing of chemical systems, including fills for binary munitionsa.
The agents produced or used in testing are transferred to the holding tank for
decontamination. For G agents, sclid sodium hydroxide is added to an agueous
solution of the agent to hydrolyze it into innocuous 0O-alkyl methylphospheonic
acid salts and flucride icen. The holding tank may also contain catalysts used
in the binary testsa, various polymers tested as thickeners, and solvents such
as l-methyl-2-pyrrolidinone used to dissolve thickened agent from surfaces in

the test chamber.

Test records showed that approximately 112 kg of agent had been
added over a period of time to the holding tank. Solid sodium hydroxide, as
well as water, was added to keep the solution caustic and to maintain the
volume at 300 gal. A total of 600 1b of solid sodium hydroxide was added
before the analyses that revealed the presence of agent.

The toxic chamber was closed for some months for a safety-related
investigation. During this time, salts and a solid mass had precipitated
from the criginally homogeneous solution. This led to speculation that the

“On 1 October 1992, CRDEC became the U.S. Army Edgewood Research, Development
and Engineering Center (ERDEC).
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evidence of trace G agent in the.supernatant liquid could possibly be relateq ,?;
to the heterogenecus mixture in the tank. Against this background, repeac A
analyses were done of the supernatant liquid, as well as a portion of the A
solid polymeric mass, to see if agent could have become occluded. CE

i

The original analyses of the supernatant liquid started by e

|
1

neutralizing the sample to pH 4-5 with concentrated hydrochloric acid followed ¥
by extraction with chloroform. The chloroform extract was then injected into . 3
a gas chromatograph (GC), where the presence of agent was inferred from the :
retention times of the peaks in the chromatogram. Thus, the questions to be
addressed were whether the peaks from the GC were actually agent and, if so, .=
was the agent present in the caustic supernatant liguid or did the agent
possibly reform during the neutralization or extraction.
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A brief literature review revealed that a major effort was
conducted during the 1970s to resolve a similar ancmaly encountered during
neutralization and incineration of the resultant brine from spray drying
6B.3"5 oOne set of authors3 concluded that the presence of trace amounts of
agent from the neutralized brine resulted from reformation of agent. This
conclusion arcose from the observation that the amount of agent detected was
greater with chlorcoform than other organic solvents, and more agent was
detected from a neutral sclution than from a caustic solution.
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To ascertain whether the analyses of the holding tank were subject
to the same uncertainties as the analyses of the brines, the analyses of the
holding tank were repeated, The analyses used the recommended protocol from
the earlier work? and nuclear magnetic resonance {NMR) spectroscopy was used
to monitor reactions and products in the agquecus solutions as well as in the
organic extracts. Analyses by gas chromatography/mass spectrometry (GC/MS)
and GC were also done to try to confirm the presence of the agent by alternate
techniques. Individual summaries of the GC, GC/MS, and NMR results are
presented and are followed by a discussion summarizing our overall results, T
with comments cn how these results fit with existing reaction schemes for
organopheosphorus esters.
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2. GAS CHROMATOGRAFHY (GC)

2.1 Experimental Procedures.

An HP 5880A {(Hewlett Packard, Avondale, PA) GC equipped with a l:—:
flame ionization detector (FID) was used for this work. Analyses were Fi
accomplished using a 30 m fused silica capillary column {(0.32 mm ID) with a g
0.25 um film of methylsilicone (SE-30). The carrier gas was helium split at a "
S0:1 ratio. Pressure controlled (47 KPa}) column flow resulted in a calculated
helium flow of 22.7 cm/s (1.1 mL/min) based on the retention gap (2.2 min) ——
cbtained for methane at 40 °C. Detector maks-up flow was helium at a rate of s
23 mL/min. The injection port temperature was 225 °C and the detectorx —
temperature was 325 °C. The column oven temperature was programmed from 75 to e
300 °C at 20 °C/min. The combustion gases were hydrogen and air, at 32 and -
420 mL/min, respectively. The septum purge flow was adjusted to 1 mL/min. A L
Hamilton 7001SN micreliter syringe (Hamilton, Reno, NV) was used to manually —

i

. 8 —
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inject 1.0 pL sample volumes. Area integration of the resulting chromato- -
graphic peaks was accomplished electronically. e

FT - " The FID minimum detectable level (MDL) - for sach of the alk?l

. methylphosphonofluoridates was determined to be 2 ng with a signal of better

5 than twice the noise level for a 1.0 gL injection in chloroform. ~ An agent

' standard, traceable to the Chemical Agent Standard Analytical Reference
Material (CASARM) program, was obtained from Steven Pleva (Analytical
Division, CRDEC) for this determination. Because the most volatile alkyl
methylphosphonofluoridate co-eluted with the decontamination co-solvent,
1-methyl-2-pyrrolidinone (N-methyl Pyrrolidinone), under the chromatographic
conditions previously described, GC monitored the least volatile alkyl
methylphosphonoflucridate component for pPresence or absence of agent at the
MDL for all water samples. No interferences were observed in this immediate

area (+0.2 min).
2.2 Resultg.
2.2.1 Liquid Phase Samples.

Four samples of the liquid phase from the toxic chamber {Samples
26323-A, 260061-A, 26006-1B, and 26006-1C) were received for GC
characterization. Because these water samples were all determined to be
at pH >13, direct injection into the GC was not attempted. Initial attempts
to isolate and then to detect the agent in these caustic solutions involwved
extraction with chloroform. All results were negative using ratios of 2:1,
and S:1 (Sample to CHCl,). However, when the caustic water samples were
acidified with HCl and then extracted with chloroform at a S0:1 ratio, a peak
corresponding to alkyl methylphosphonofluoridate was detected at levels above
the MDL. ~ Substitution of methylene chloride as the extraction solvent yielded
negative results for the presence of agent suggesting that agent was being
reformed as a result of sample preparation and handling, using chloreform and

acidification.

2.2.1.1 Chloroform Extracts of Caustic Water Samples.

Sample 26323-A was submitted and run on 20 December 1591. OQrganic
compounds were extracted by the addition of 0.5 mL CHCly to 1.0 mL of the
water sample. Multiple 1.0 uL injections cf the organic extract were negative
for the anticipated alkyl methylphosphonofluoridate at or above the MDL. The
agent standard eluted at 6.36 min under the GC conditions. A peak eluting at
6.15 min in the water sample extract was determined net to be the agent in
question by spiking 0.25 mL of the water sample extract with 0.05 mL of the
agent standard. Baseline separation of both peaks resulted.

On 7 January 1992, organic compounds were extracted from Sample
26323-A by adding 0.5 mL CHCl; to 2.5 mL of the water sample. Injection of
1.0 uL of the extract was negative for the anticipated agent at the MDL.
The MDL was rechecked and again determined to be at 2 ng for each agent.
Retention times were also rechecked at this time; they were consistent with
previous runs. Sample 26323-A was spiked with the agent standard (5:1), and



the resulting chromatogram indicated complete separation of the 6.15 min water
sample extract peak and the 6.36 min alkyl methylphosphonoflucridate peak.

With the GC system verification accomplished, Samples 260061-B ang - =
260061-C were extracted in chloroform (5:1, Sample to CHCl3)}. Multiple 1.0 Pths
injections of the organic extract from each wers negative for the anticipateq o=
alkyl methylphosphonofluoridate_at or above the MDL.

2.2.1.2 Chloroform Extracts of Acidified Water Samplesg .

Samples 260061-A, 260061-B, and 260061-C were extracted in chloro- .
form at 50:1, Sample to CHClj, after acidification with HCl and characterized et
by GC. Using the instrumentation and procedures previocusly described, all
three samples were positive for the anticipated alkyl methylphosphono-
fluoridate at or above the MDL, and it was possible to determine qualitatively
the samples’ relative order of agent concentration based on the GC data. The
assumptions were made that all three samples were handled in the same manner
and that the extraction efficiency was the same.

Sample 260061-C was the least concentrated, because the anticipated
alkyl methylphosphonofluoridate was detected at levels barely above the MDL.
Electronic integration of the GC peak, corresponding to the agent of intereset,
was not accomplished because the peak was not large enough to overcome the
threshold of the integrator’s level of detection. Therefore, the peak was not

integrated. ]

J\'

Sample 260061-A showed slightly more agent than Sample 260061-C, =

Electronic integration of the GC peak, corresponding to the agent of interest, :
yielded 2.5 area counts. :

Sample 260061-B was the most concentrated of the three because
the anticipated alkyl methylphosphonofluoridate peak was detected at levels
significantly above the MDL., Electronic integration of the GC peak,
corresponding to the agent of interest, yielded 5.1 area counts.

2.2.2 Polvmer Phase Sample. é;

Sample 263231-C was submitted and run by GC. This sample was a

chloroform extract from a representative sample of the polymer phase of the E
chamber holding tank. Multiple 1.0 uL injections of the organic extract were o
negative for the anticipated alkyl methylphosphonoflucridate at or above the i
MDL. =
2.3 Dis ion. £
The GC results corroborate the positive reading for G agent in the é:
chloroform extract, but the results suggest that the agent is reforming in =
either the acidified aqueous solution or in the chloroform. The presence of i
agent from decontaminated G agent solution is identical to the problem {,

encountered in the 19705,3 where the decontaminated solution was acidified and
extracted with chloroform.
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3. GAS CHROMATOGRAPHY/MASS SPECTROMETRY (GC/MS)

3.1 Experimental Procedures.
3.1.1 © Materialsg. : : : . . - .

Seven samples were received from the Analytical Systems Group, -
Analytical Research Division (CRDEC), foxr GC/MS characterization. Chamber
Samples 26323-A, 26006-1B, and 26006-1C were received as liquid aqueous
samples, pH »>13. Nll three samples were extracted at this pH into chloroform
{1 mL sample to 0.5 mL chlorcform for Sample 26323-A; 2.5 mL sample to 0.5 mL
chloroform for Samples 26006-1B and 26006-1C). Three chamber samples
{26006-1A, 26006-1B, and 26006-1C) were received as chloroform extracts from
the Analytical Systems Group (CRDEC}). These samples had been acidified to
pH 5.5 prior to extraction with chloroform (150 mL sample te 3 mL chloroform,
50:1 extraction ratio}. Chamber Sample 26006-1E was received as polymer
isolated from the chamber sample. The selid material (2.64 g) was taken as
received, chopped into small pieceg, and sonicated in 10 mL of distilled water
for 1 h. The polymer was removed from the water by syringe filtration and the
water extracted with 0.5 mL methylene chloride (5.3:1 extraction ratio).

A 161 ppm agent standard prepared by the Analytical Systems Group
{(CRDEC) from agent obtained from the CASARM program was used to chtain
calibration curves for quantitation.

3.1.2 . Experimental Procedures.
3.1.2.1 Full Scan GC/MS/CI.

~Chlorcoform and methylene chloride extracts of the chamber samples
were analyzed using a Finnigan 5100 GC/MS equipped with a 15 m x 0.25 mm DB-5
capillary column (J&W Scientific Company, Rancho Cordova, CR). The oven was
programmed from 60 to 260 °C at 10 *C/min. Injection port temperature was
200 °C, and the GC/MS interface temperature was 220 °C. An injection of
0.5 uL of each extract was injected in the splitless mode. Samples were
analyzed in the chemical ionization (CI) mode using methane as the reagent gas
{0.5 Torr). Masses were scanned from €0 to 300 amu at 1 scan/s. Under these
conditions, the base peak for one agent occurs at m/z 85 and the base peak
for another agent occurs at m/z 97. One phosphonoflucridate elutes at 162
and 165 s {2 peaks), and the less volatile agent elutes at 316 and 318 s
(2 peaks}). The first agent could not be detected in the chamber sample
extracts at the levels present because coelution occurs with l-methyl-
2-pyrrolidinone, which is the major component in the extraction samples
{236-98% of the total extraction product). The detection limit using full
scan GC/MS for each injected extract was 2 ppm for the less volatile agent.

3.1.2.2 Selected Ion Mode GC/MS.

To obtain maximum sensitivity for agent detection, masses were
also scanned in the selected ion monitoring (SIM) mode from 96.5 to 97.5 amu.
Total scan time in this mode was 1.1 s with an agent detection limit of
0.2 ppm for each extract injected.

11



3.1.2.13 Quantitation.

The concentration of the less volatile agent in the chamber Samples
was obtained using full scan and SIM GC/MS, depending on the agent con-
centration in the extract. For full scan quantitation, standards containing
the leas volatile agent at concentrations of 2 ppm and 13.5 ppm were run
before and after the gsample extracts. Extracts were diluted S5:1 with

chloroform, if necessary, (Samples 26006-1A and 26006-1B, pHS, 50:1 extractign

ratio} so that concentrations for all samples fell within this range. To
raduce interference from other, contaminants, quantitation was obtained by -
taking the area under the peak in the m/z 97 ion chromatogram.

If no agent was detected above 2 ppm in the extracts, SIM, which
provides a detection limit of 0.2 ppm, was applied. Greater variability was
observed in the SIM runs. The sensitivity was dependent upon the electrometer
zero (EZ) setting, which drifts throughout the day. For this reason, the E2
setting was adjusted between each run and replicate runs were obtained.
Sample 26006-1B, pH >13 (3 runs), and Sample 286006-1C, pH »13 (5 runs},
were quantitated using standards containing the less volatile agent at con-
centrations of 0.25 ppm (5 runs), 0.5 ppm (4 runs), and 0.75 ppm (2 runs).
Quantitative results were obtained using the most sensitive run in each case
and by using average values, obtaining the same results in each case. In
addition, each extract was spiked with 0.25 ppm agent. Quantitation of the
spiked samples gave excellent agreement with the previcusly cbtained results.

Rough guantitation of the other compounds detected in the extracts
wag cbtained by comparison of GC peak areas to those for the agent and
making the agsumption that all compounds have the same detector resaponse,
Differances in extraction efficiencies were not taken into account.

3.2 Results.

3.2.1 Liguid Phase Samples.

3.2.1.1 Basic_ Samples.

Three samples were extracted as received (pH >13) into chloroform.
As shown in Table 1, no agent waas detected in chamber Sample 26323-A
(detection limit 100 ppb). Traces of the less volatile agent ware observed
in Samples 26006-18 (100 ppb} and 26006-1C (43 ppb). The more volatile agent
is possibly present in similar concentrations but is obscured by the large
l-methyl 2-pyrrolidinone peak. The major component detected in the extracts
accounting for 98% of the total product was l-methyl-2-pyrrolidincne . Other
compounds observed by GC/MS were the alcohol derived from the less volatile
agent (15 ppm), 1,3-diiscpropylurea (0.4-0.8 ppm}, and the 3 alkyl
alkylmethylphoephonates (diesters) expected from the two agents (total
concentration, 45-78 ppm). Trace amounts of diesters resulting from an
alcohol impurity were also observed (<1 ppm}. A complete list of compounds
detected is shown in Tabla 2. A GC/MS chromataogram for sample 26006-1B is
shown in Figure 1.
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- TABLE 1 .
Agent chcentrutions Observed in chamber sampla
Extracts by GC/M8
Sample Sample pH | Extraction | Extraction Agent, ppb'
Before Solvent Ratio
Extraction Extract® Chamber
Sample
26323-A >13 CHC1, 2:1 <200 <100
(ligquid)
26006-1B >13 CHC1, 5:1 500 100
(liquid)
26006-1C >13 CHC1, 5:1 215 43
(liquid)
26006~-1A° 5 CHC1, 50:1 21,500 430
(liguid)
26006~-1B°F - 5 CHC1, 50:1 46,500 930
(liquid) - :
26006-~1cC* S CHC1, 50:1 4,000 80
26006~-1E - CH,C1, 5.3:1 <200 <40
(polymer)
' Does not include the more volatile agent which is not detected
because it coelutes with l-methyl-2-pyrrolidinone. The more
volatile agent is probably also present in concentrations _
approximately equal to those listed above.
" Detection limit of 200 ppb.
¢ Extraction done by Analytical Systems Group.
L
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TABLE 2° Lg-
Summary of Compounds Detected in Chamber Sample 26006 By Lo
Full Scan GC/M8 5 3
Estimated PPM in Original Sample! *é%%
Liguid Ligquid Polym er :
PH 5 pH>13 §
— %
BT
R.T. Compound ji;
(sec) 'ig
1A 1B 1c 1B. 1C 1E i
84 | Agent Alcohol 0.2 0.2 0.2 0.1 | __ I |
Impurity !
102 Agent Alcochol 8.3 5.4 3.4 14.6 14.6 7.5 _;
302 1,3- 3.2 4.3 4.5 0.4 0.8 0.3
Diisopropylurea
319 Agent® 0.3 0.9 0.08 | -- -= -= -
352 Unknown MW 138 - 0.1 0.08 -- -- - R
457 Unknown MW 137 0.1 0.2 0.2 -- - -
510 Diester 0.4 1.5 0.3 5.5 7.6 2.0 -
625 Mixed Diester -- 0.1 0.07 0.5 0.4 | -- -
Impurity .
666 Mixed Diester 1.4 3.9 0.7 40.2 26.6 4.2 -
784 Agent Diester - 0.02 | 0.01 0.4 - - ‘
Impurity .
815 Agent Diester 1.0 1.8 0.3 32.4 11.5 | 5.4 I
* Quantitation does not include 1-methyl-2-pyrrolidinone and .
impurities which account for 96-98% of thé total extracted product. [*
* Less Volatile Agent. The more volatile agent is probably also . ?:
present in similar amounts but is not detected because it coelutes =
with l1-methyl-2-pyrrolidinone. —
—
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3.2.1.2 Acidic Samples.

Chloroform extracts of chamber Samples 26006-1A, 26006-1B, and
26006-1C were analyzed as received. These samples had previously been
neutralized to pH 5 before extraction into chloroform (150 mL sample to 3 mL
chloroform) . Concentrations of the less volatile agent detected in 1a, 1hb,
and 1lc were an order of magnitude higher than that cbserved for the basic
samples and were 430 ppb, 930 ppb, and 80 ppb, respectively, as shown in
Table 2. Assuming the more volatile agent is also present in similar
concentrations, the tetal agent concentration in these samples would be
0.9 ppm, 1.3 ppm, and 0.2 ppm, respectively. As with the basic samples,
1-methyl-2-pyrrolidinone accounted for 98% of the total ion chromatogram.
Other compounds observed were the same as in the basic samples but in
different ratios and included the alcchol derived from the less volatile
agent (3-8 ppm}, 1,3-diisopropylurea (3-5 ppm), and the 3 diesters (1-7 ppm) .
The detection of the urea suggests that the stabilizer diisopropylcarbodiimide
was initially present in the binary starting material. A complete list of
compounds detected is shown in Table 1 and a GC/MS chromatogram for Sample

26006-1B is shown in Fiqure 2,

3.2.1.3 Polymer Phase Sample.

Polymer Sample 26006-1E (2.64g) was chopped into small pieces,
extracted with water (10 mL}, and then extracted into methylene chloride
(0.5 mL) rather than chloroform. No agent was detected using SIM (40 ppb
detection limit). The polymer sample was used as received and probably
contained a small amount of liquid. Other compounds observed by GC/MS were
similar to those observed in the liquid and are shown along with estimated
concentrations in Table 2.

3.3 Di ion.

The GC/MS data also confirm the presence of agent in the chloroform
extract from the acidic aqueocus solution and in the chloroform extract of the
caustic solution. No agent was seen in the chloroform extract of the caustic
decontamination socluticn with GC alone. Hote, however, that the amount
detected by GC/MS in the caustic solution extract was below the detecticn
limit of the GC. However, the agent seen in the chloroform extract of the pH4
aquecus solution shows that some formaticn of agent is occurring. The amount
of agent in the extract of the acidified solution is an order of magnitude
greater than the amount in the extract from the caustic supernatant liquid.
The earlier studies in the 1970's? also noted traces of agent in the
chloroform extracted directly from the caustic solution. Such extracts always
contained much smaller amounts of agent than predicted from the amount of
agent in the chloroform extracted from the neutralized solution. This
ambiguity led workers to recommend that methylene chloride be used for
extraction in lieu c¢f chloroform.

16
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4. NUCLEAR MAGNETIC RESONANCE (NMR) SPECTROSCOPY

4.1 Experimental Procedures.

- The Analytical Systems Group, Analytical Research Division
(CRDEC), prepared and submitted thea samples which were used as received.
Approximately 1 mL of sample was placed into a clean, S5~mm o.d. Pyrex NMR
tube. The tube was capped with a pressure cap, and the top of the tube was
wrapped with Parafilm. )

The 19F and 31p NMR spectra were recorded using a Varian VXR-400s
superconducting FTNMR syatem. The 1% spectra were recorded at 376 MHz using
a sweep width of 100 KHz, a pulse width of 23-35 us 74-90°), an acquisition
time of 0.6 s, and a pulse delay of 1.5-2.5 s. The 3lp NMR spectra were
recorded at 162 MHz using a Sweep width of 40 KHz, a pulse width of 8.6 us
{57°), an acquisition time of 0.8 9, a pulse delay of 2.5 s, and gated proton
WALTZ decoupling. All spectra were recorded at probe temperature (ca. 22 °c),
and quantitative data were obtained by digital integration of the peak areas
of interest. The number of repetitions for each sample was determined by the
signal-to-~noise ratio required or desired for that sample.

4.2 Results.

4.2.1 Liquid Phase Samples.
4.2.1.1 Basic Samples.

Three samples of the liquid frem the toxic chamber {(Samples
26323-A, 26006-1B, and 26006-1C) were characterized as received (pH >13,
colorpHast indicator strip pH 0-14) using 31p NMR spectroscopy. The three
samples were the same, consisting of 80 mol % of alkyl methylphosphonic acids,
13 mol % methylphosphonic acid (MPA), and smaller amounts of various dialkyl
methylphosphonates (diesters, 0.2-0.7 mol %) various other CHy-P acids/
pyros, flucrophesphoric acid (C.03 mol %), and other phosphates (Table 3).
Qualitatively, these liquid samples appeared concentrated in phosphorus
compounds. Based on cur previous experience with spectra of similar samples
"quenched” 10 parts aqueous decontaminating solutien to 1 part agent (alkyl
methylphosphonofluoridate), these chamber samples were at least as con-
centrated as a 9 Vol & solution of the agent. These results are consistent
with the nominal dilution of agent in.the 300 gal tank.

Because all three chamber samples were identical via 1p NMR,
Sample 26006-1B was chosen for evaluation by 19 NMR. The 19 spectrum of the
liquid phase as it exists in the holding tank contained mainly flucoride ien,
as expected. Also, fluorophosphoric acid and the PFG‘ anion were observed
{Table 4). The PFg™ anion was not detected by 31p yur because its resonance
at &-144 ppm was outside the spectral window. Using the amount of fluoro-
Phosphoric acid asg an "internal standard,"” the amount of fluoride ion present
in solution appears to be ca. 16.8% of that which is expected. This is only a
rough estimate, because tha 19 NMR spectra are only semi-quantitative, being
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run mainly for detectability of low level compounds rather than for rigorous .-, .:
quantitation. However, the results do indicate that most of the fluorine may
have precipitated out of selucion as NaF or as amine fluorzde salt L

. Because there was no way to cdetermine if detectability in the 19F
spectra was adequate to observe fluorine at the 1 ppm level, the chamber =
sample was spiked with 1 ppm triflucroacetic acid (TFA) and rerun. A spectrum
from data accumulated for 3 days showed a single rescnance (S/N = 40/1} for
the TFA. Because TFA contains three equivalent fluorines and no proton
coupling and because the alkyl methylphosphonofluoridates of interest exist as
diastereomers and are coupled to phosphorus as well as four protons, 1-2 ppm
of agent quite possibly would nect be observed. Consequently, this same
chamber sample (26006-1B, pH »13) was spiked with 20 ppm GD (CASARM Lot#
GD-U-6157-CTF-N), a quantity definitely detectable under tha experimental
conditions. A similar 20 ppm sample of GD in distilled water was also
prepared. After 1 h of data accumulation, the four resonances for the GD
diastereomers were observed in the water sample (§58.1 and 60.0, Jp.g =
1051 Hz). Data for the spectrum of the spiked chamber sample was accumulated
overnight increasing the signal-to-noise ratio for the spectrum by a factor
cf 3 over the GD/water sample. HNo agent was cbserved; the GD apparently

hydrolyzed in the chamber sample.

A chloroform extract of the basic sample (pH 12.88) was also
characterized by 19p 1Mm. Only the presence of PFg~ and an unidentified
compound were detected. No other resonances indicating the presence of
methylphosphonofluoridates were observed.

4.2.1.2 Acidified la

To extract the agent into chloroform for analyses by GC, the
agueous chamber samples are acidified with HCl. The 31p mMm spectrum of the
acidified chamber sample (26006-1A, pH ca. 5.5, colorpHast indicator strip
pH 0-14) showed thar the phosphorus-containing compounds were essentially
unchanged by acidifying the sample (Table 3). On the other hand, the 15p
spectrum of the acidified sample indicated that fluorination reactions were
occurring in the aguecus medium. The PFg~ anion and the fluorophosphoric acid
observed in the sample at pH »>13, the presence of methylphesphonofluoridic
acid (fluor acid, 0.34%) and two cother organofluorine compounds, as well as
the fluoride ion, were cbserved 1 day after acidification. Three days later,
small amounts of two alkylfluorcphosphates (0.03%) were observed that
indicated fluorination of some species in the sample was continuing. Pre-
sumably, the fluor acid could result from the displacement of the alkoxy group
by flucrine in the alkyl methylphosphonic acids, the major phosphorus
compounds present. Similarly, the alkylflucrophosphates could be formed by
reaction of fluorine with any dialkylphosphates that may be present. Because
several dialkyl methylphosphonates {diesters) are present at pH >13 and
pH ca. 5.5, one might expect to see the alkyl methylphosphonofluoridates
{agent) form from the displacement of one alkoxy moiety by fluorine. However,
aftar 31 days of data accumulation, no agent could be detected in the Ir NMR

spectyum of the acidified chamber sample.
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When thia acidified sample was extracted with chloraform (150 mL of
sample to 3 mL of chloroform) and essentially concentrated by a factor of 50,
the various diastereomers of the expected alkyl meth;lphosphonofluoridates
were observed in the chloroform extract by 31lp and 17p NMg. The 31p spectrum
showed that the major phosphorus compounds present in the chloroform extract
were still the alkyl methylphosphonic acids, 99.07% (Table 3). However, some
agent was also observed {0.16%}, as well as a amall amount of the diesters
{Figure 3). The 19F nMR gpectrum of this sample was most conclusive (Table 4
and Figure 4). . The alkyl methylphosphenofluoridates represented the major
fluorine~containing compounds in the sample (83.2%). Small amounts of F~/HF
and PF5‘ were also observed. e

On the other hand, when liquid sample 26006-1A was acidified to
PH 4.5 and extracted with CH;Cl,, only PFg™ was detected by 19p NMR. The 31p
spectrum showed the sample contajined mainly phosphorus acids and some diesters
(Table 3). Qualitatively, the CHpCl, extract appeared to have less total
dissolved 3lp compounds than did the chloroform extract, above.

4.2.2 Polymer Phase Sample.

A portion of the polymer sample was diasolved in CH2C12 (13 wt %
polymer) and the resulting solution characterized by 19 NuMR spectroscopy
(Table 4). The spectrum showed a large resonance for F™/HF and smaller
resonances for PF¢™ and possibly fluorophosphoric acid, with no agent
observed. The 31p spectrum showed resonances for methylphosphonic acid and
various alkyl methylphosphonic acids. No diesters could be observed, possibly
because of the broadness of the resonances in the spectrum.

4.3 Discussion.

The results are based on confirming whether or not agent is present
in the chloroform extract as claimed by the original GC analyses, and if so,
whether the agent wags present in the original caustic solution or reformed
during the neutralization and extraction. The first item to notice is that
agent is clearly discernible in the ¢hloroform extract. All three methods
confirm the original GC results that showed agent present in the chloroform
extract of the pHd 4 solutions. However, it appears that the dgent detected
in the chloroform did not come from the original solution in the holding
tank. PFirat, the spike of GD added to the caustic soluticn wasg not detected,
indicating thae caustic solution retains its capacity to hydrolyze phosphono-
fluoridates rapidly. Second, some fluorination reactions clearly are
occurring at the lower pH that could produce agent. Given the detectability
of the NMR, it is unclear whether the formation of 4gent occurs in the neutral
agueous solution or whether the reaction occurs in the chloroform between the
fluoride and the organcphosphorus esters extracted into the chloroform.
Finally, the 19 NMR spectrum of a chloroform extract of the pH 13 caustic
solution showed no evidence for P-F bond formation. This suggests that even
if the formation of agent occurs in the chloroform, the lower pH enhances the
reformation of agent, either by chemical reaction or by allowing more organo-
Phosphorus and fluoride teo be extracted into the chloroform. Tha absence of
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agent in the methylene chloride extract also suggests that the agent may be
reforming in the chloroform rather than being present in the pH 4.5 aquecus

gsclution.

5. SUMMARY DISCUSSION

The results from GC, GS/MS, and NMR are all consistent with the
results of Barrett and co-workers- at Southern Research Instituta, who found
agent even in the chloroform extract from the caustic agueous solutions. An
agent spike rapidly hydrolyzing implies that the agent found in the chloroform
extract from the caustic forms in the chloroform.

As part of the assessment of the possibility of G agent persisting
in caustic solution, we have examined the chemistry of corganophosphorus esters
to see if G agents could reform in the presence of base.

It has been shown that fluoride ion may act as a nucleophile for
substitution reactions with organophosphcrus esters. However, the specific
igssue is whether fluoride ion can react with a phosphonate moncester such as
O-isopropyl methylphosphonic acid (IMPA) to reform the O-isopropyl methyl-
phospheonofluoridate., Griest and Martin'’ specifically addressed this question
searching for a way to convert phosphate diesters te phosphorofluoridates.
These authors concluded that direct conversion from the phosphate diester to
the phosphorofluoridate was difficult if not impossible. Instead, Griest and
Martin opted for a sequential method in which phosphate diester reacts with a
dialkylcarbodiimide to form a triester that is then converted to a phosphoro-
fluoridate. This is conaistent with the view that fluoride ion acts as a
nuclecphile with fully substituted esters, but the back reaction with the
phosphonic acid salt is unlikely. Thus, cone would be surprised to see
reaction between fluoride and IMPA to form sarin in a caustic solution of
IMPA and fluoride, Because the dialkyl methylphosphonates are present in the
caustic solutions, fluorination of these compounds is probably the mechanism
of G agent reformation in the holding tank samples.

6. CONCLUSIONS

G agent is present in a chloroform extract of the neutralized
agquecus solution of decontaminated G agents. The agent in the chloroform
likely results from reformation of G agent ‘either in the chloroform or in the
neutralized aqueous scolutions. Fluorination reactions are detacted by NMR
spectroscopy in the neutralized aqueocus solution. Simjilar ambiguous results
were cobtained in the 1970's at CRDEC and Southern Research Institute
(Birmingham, AL} when performing analyses of brines from demilitarized agent.
An analytical procedure based on the use of methylene chloride for extraction
directly from the caustic decontaminating solutions was recommended to
Preclude anomalous results for G agents. This method recommended by these
earlier workers should be used for analyses in lieu of chloroform extraction
from neutralized acidified solutions.
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Chemistry of VX

€% VX has the chemical name methylphosphonothioic acid, S-[2-[bis(1-methylethyl)amino]ethyl]
M O-ethyl ester, and has the molecular formula C;H, NO,PS and formula weight 267.37. Its
cich, Chemical Abstracts Service registry number is 50782-69-9.
Ct
General Information
Toxicity/Effects

Physical Properties
Hydrolysis
Photolysis

Thermolysis
Decontamination

0
CH;CH,O-HJ-S-CHQCHTH
CHy

General Information

The phosphorylthiocholine class of compounds was discovered independently by Ranaji Goshem of 1CI and by
Lars-Erik Tammelin of the Swedish Institute of Defense Research in 1952, Shortly thereafter, the U.S. Army began a
systematic investigation of this class of compounds at Edgewood Arsenal; as a result, VX was developed and

stockpiled by the United States.! A closely related compound referred to as V gas was manufactured and stockpited by
the Soviet Union. VX is a colorless and odorless liquid.

CH, 0

| U.s. CH.CH,
CHyCHCH,0-PL8 CH.CH.N

V gas: H ehCH
Reference:
1. Antonov, N., Chemical Weapons at the Turn of the Century, LN 72-96, p. 32,

Back to top of this page Back to CW agent list

Physical Properties of VX

Data taken from from Franke, S., Manual of Military Chemistry, Volume 1. Chemistry of Chemical Warfare Agents,
Deutscher Militirverlag: Berlin (East), 1967. Translated from German by U.S. Department of Commerce, National
Bureau of Standards, Institute for Applied Technology, NTIS no. AD-849 866, pp. 247, 252 unless otherwise noted.
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FUNDAMENTAL STUDIES RELATED TO THE DECONTAMINATION AND DISPOSAL
OF GB-FILLED HONEST JOHN WARHEAD COMPONENTS

I INTRODUCTION.

Initially, it was proposed to decontaminate Honest John Bomblets by using 10%
aqueous sodium carbonate instead of aqueous sodium hydroxide solutions. This choice was made to
alleviate excessive production of hydrogen. (The Honest John components are composed of
aluminum alloys.)

Accordingly, a literature survey was conducted of data relevant to the decontamination
of GB by sodium carbonate solutions; a system was proposed for the destruction of GB, and
calculations of the rate of destruction of GB in the system were made. The temperature rise was
also estimated.

Using excess sodium carbonate, the following equation accounts for the reaction of GB
with carbonate solutions:

0 0
- It
CH, -P- +  2Nay0g + H,0 ——>  CHy-P-ONa
CH CH
0CH< 5 i 3
CH, CH,
+ NaF
+ 2NaHC03

Stoichiometrically, 2 moles of sodium carbonate are required for every mole of GB. Holding this
stoichiometry prevents the evolution of carbon dioxide which might entrain some GB into the
atmosphere. To guarantee complete reaction, rapid reaction, and freedom from evolution of carbon
dioxide, a substantial excess of sodium carbonate should be used. It was proposed that a 300%
excess of 10% sodium carbonate be used to decontaminate the GB. Seven gallons of 10% sodium
carbonate solution (5.84 Ibs sodium carbonate) represents a 300% excess of required base to
completely hydrolyze one pound of GB. The pH in such a decontamination system would remain
nearly constant at about 11.3.

The rate of reactions of GB in water is general-base catalyzed.! Hence, it is controlled
by (1) pH and (2) concentration and nucleophilicity (basicity) of dissolved salts. [A complete pH
profile of GB for the hydroxide-hydronium ion catalysis of hydrolysis of GB is available in
reference (1).]




The pseudo-first-order rate constant for aqueous decomposition of GB in a basic
solution of constant pH, containing the additional nucleophilic ion, A (here, A =carbcnate ion) is

expressed as follows:

k. =k, [OH') + k' [A].

o
where
kg = the observed first-order rate constant
ko = the catalytic second-order rate constant for hydroxide
and
k2' = the catalytic second-order rate constant for A (carbonate ion).

The value of ky=30 M lsec’! was obtained from the literature.? Similarly, the value of ko E
(1.25 M'lsec'l) has been previously determined. The molarity of 10% sodium carbonate is 0.943,
and the molarity of hydroxide ion in such a solution (pH=11.3}is 2 X 10'3. Hence, the calculated :
ko is 1.24 sec’! at 25°C. Accordingly, the half life may be calculated to be 0.55 sec. (The bulk of '
catalysis may be seen to accrue from the carbonate ion rather than hydroxide ion by inspection of
the two terms during a calculation of the rate constant.) This result means that after 5.5 seconds
(10 half lives) only 0.00! Ib of GB (from an initial one pound) should remain. In 16.5 seconds
(30 haif lives) only about 0.4 microgram of GB should remain. Unfortunately, this theoretical result
was not realized (vide infra) in the experimental studies that were undertaken later. Upon use of
this system, care should be taken that the carbonate does not undergo undue proionged exposure to f

the air, resulting in the uptake of carbon dioxide to produce bicarbonate instead of carbonate. The i t
bicarbonate ion would be much less effective than carbonate in the hydrolysis of GB, and it would : L
liberate carbon dioxide upon reaction, which would entrain GB into the atmosphere. i
zZ
After the system was proposed, it was important to establiish that no excessive heat t
would arise from reaction of one pound of GB with seven gallons of 10% sodium carbonate. The v
heat of reaction (1) was required. The heat of the following reaction was known*® to be AH= d
-44 .4 kcal/mole:
S
GB + 2NaOH —> CHz-P-ONa + NaF + H,0
CH oi
3
ocH?
\CH pi
3 (o]
w.
Since values for AHf (heats of formaticn} of sodium bicarbonate, sodium carbonate, water, and in
aq

sodium hydroxide may be obtained,® Hess’s law of heat summations may be used to obtain the
value of AH for equation (1). That value is -21.98 kcal/mole (exothermic).




er, and
ain the

Values for the specific heat of sodium carbonate solutions were available.® Inter-
polation for the molarity (0.943) for a 10% sodium carbonate solution gave a specific heat of
0.947 cal gm'ldeg‘l. This yielded a temperature rise of 2.58°C =r the reaction of GB with a 300%
excess of 10% sodium carbonate.

Other problems faced with the system were evolution of hydrogen and scrubbing of
effluent gases during chemical disposal operations. Experimental studies of hydrogen evolution rates
were conducted on actual bomblet material and compared with earlier’ data. Rates for sodium
carbonate destruction of GB were obtained. A rate minimum was established for actual 5% sodium
hydroxide scrubber material obtained during the process of “aging’ in effluent gases of a pilot run.
A literature search considered the possible use of 2-aminoethanol, commonly called mono-
ethanoiamine as a scrubber materiai for GB in the effluents from disposal operations (in which large
amounts of carbon dioxide are evolved). In order to estimate the equilibrium quantities of GB
swept out of a bubbler under determined steady state or instantaneous concentrations of aqueous
GB in salt solutions, the aqueous partial vapor pressures of GB were determined in dilute aqueous
solution and in concentrations of mode] salts.

I1.  EXPERIMENTAL METHODS.

A. Measurements of Rate of Hydrogen Evolution from Aqueous Sodium Carbonate
Solutions.

These experiments were performed at ambient temperature. Each bomblet was found
to have the surface area, 190.4 sq. in. One-eighth (or one-sixteenth) of a bomblet was suspended by
a nylon string into a stirred solution (6.6 liters) of the appropriate concentration of sodium
carbonate solution. The solution, in a large vacuum dessicator was magnetically stirred. The vacuum
outlet of the dessicator led to a gas buret containing water as the collection fluid with an attached
leveling bulb. At regular time intervals, the volume of hydrogen evolved was measured.
Barometric pressure was recorded. Plots of milliliters of hydrogen evolved versus time gave good
zero-order (linear) graphs with only a very slight tendency for the reaction rate to increase with
time. Reaction is accompanied by an accumulation of surface coating of the black metaaluminate
which does not seem to retard the reaction, but in some fashion may facilitate hydrogen
desorption.

B. Measurement of Rate of Destruction of GB by Aqueous 10% Sodium Carbonate
Solutions.

Reactions were conducted at ambient (approximately 25°C) temperature. A solution
of 100 ml of 10,000 ppm GB was mixed rapidly with 100 ml of 20% sodium carbonate in the
presence of an aluminum foil square (0.6-in X 0.6-in), and shaken. The initial time was recorded
on mixing (1 to 2 sec), and subsequent times were recorded at regular intervals with a stop
watch. Five-ml aliquots were withdrawn rapidly by a syringe with a stop, and ejected rapidly
into 5 ml of dichlormethane, usually called methylene chloride, for extraction. Upon ejection, the
aqueous solution was immediately extracted (2 to 3 sec). It was verified that essentially all GB
could be recovered by shaking a methylene chloride solution over such a time period (by shaking
10 seconds, 95-99% of GB was recovered); the methylene chloride layer was separated and




run over a pinch of anhydrous sodium sulfate (for drying) prior to analysis. Analyses were
conducted by gas-liquid chromatography (glc) with flame photometric detector and phosphorus
filter. One microliter (u?) (or 0.1 #®) samples were injected onto a glass 6-ft X %-in 10% QF-1 on
60/80 Gas chrom Q or on 60/70 Anakrom SD (the latter is the better packing) column. The inlet
block was at 240°C, detector 140°C, and nitrogen carrier gas was 50 cc/min at 40 psig. The
column was held for | minute at 100°C, then programmed !00-160°C at 30°C/min. Kinetic
results were computer-analyzed.

C. Measurement of Rate of Destruction of GB by Aqueous Sodium Hydroxide (Sump
Samples from Scrubbers) Solutions.

Reactions were thermostatted at 13°C. To 100 ml of sump sampie was added 0.5 ml
of GB. After mixing (2-3 sec), sampling and analysis was conducted similarly to procedure B
except that 50-u2 injections of the final extracts were employed. With the interferences present,
the GB could be detected readily at 0.006 ppm with a 50-uf injection. As these reactions were
too fast to follow, a 1:10 dilution of the sump samples was mixed with 0.1 ml of GB (1000 ppm
initial GB), and runs were conducted at 10°C in the manner described above. With 50-uf
injection, 1.4 X 103 ppm of GB would have been readily detected. Again the reactions were too
fast to follow.

D. Measurement of Partial Vapor Pressure of GB over Aqueous Solution and over
Aqueous Salt Solutions.

Vapor pressure measurements were accomplished by detennination of the GB gas
concentration in thermostatted flasks at 25.0°C. The flasks were specially prepared from 1000-ml
volumetric flasks with silanized surfaces.™ A side arm extended downward, containing a mercury
seal® over a rubber septum. This system minimized GB vapor absorption by glass walls, and by
rubber surfaces. Gastight syringes with silanized surfaces and gas-sampling valves were utilized. [t
was verified that accurate calibration could be accomplished with liquid standards. Analysis was
by vapor phase chromatography employing a flame photometric detector with phosphorus filter.
Temperature programming was utilized with computer integration of peaks. Typical conditions
were: 6-ft X %-in 10% QF-1 on 60/70 Anakrom SD, helium flow 50 ml/min. The column was
programmed, after l-minute delay at 120°C, from 120-240°C at 20°/min. Injection block wus
200°C, and detector was 240°C. Calibrations were accomplished within one decade of the
measured concentration owing to small nonlinearity of response (4% nonlinearity per decade at
the higher loads of sample). Equilibrations required greater than 30 minutes, typically of the
order of 1 hour. This limited the ability to go to GB concentrations much larger than those
employed. For example, 10,000 ppm solutions of GB underwent autocatalytic hydrolysis at a
rate too fast to permit equilibration. For gas analysis, 1.00-cc or 0.100-cc injections were
utilized.

E. Measurement of Partition Coefficients of GB Between Aqueous or Aqueous Salt
Solutions and Methylene Chlorde.

Measurements were conducted at ambient (26+1°C) temperature. Following double
extraction, a single phase was analyzed. The aqueous phase from the first partitioning

* The authors are grateful to Mr. ). Pistritto for suggestion of silanization to overcome the glass adsorption which was encountered.
Likewise, we 2re grateful to Dr. J. R. Sowa for suggestion of a mercury seal to overcome the rubber absorption which was
encountered.
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(1:1 volume-to-volume) was reextracted with an equal volume of methylene chloride. After

analysis of this phase, the following formula was applied (for 1:1 extractions); a more general
formula is, however, derivable.

2 ,
. . Ci
ClA S22 <C1A> _ 4 (C A
C02 CoZ 02
p

K =

where
Cip = initial concentration of GB if totally in aqueous phase, and
Cg2 = concentration of GB in second organic phase.

This formula has the advantage of needing analysis of only a single phase, which tends to reduce
experimental error. Furthermore, concentration ratios are employed rather than differences. The
only disadvantage of the formula is that it is double-valued rather than single-valued. If doubt
exists as to which value must be selected, analysis of the first organic phase must supplement

analysis of the second organic phase. Then, a choice between the two possible values can be
made.

III. RESULTS.

Pseudo-first-order rate constants were determined for two experiments in which
5000 ppm of GB was allowed to react with 10% sodium carbonate in the presence of aluminum
foil with a surface area equivalent to that of bomblet material in the proposed decontamination
system. At ambient temperature, the mean value of kg (pseudo-first-order rate coefficient was
0.0824+0.0050 sec’!, and the mean value of the half life was 8.45£0.51 sec.

Studies on the rates of hydrogen evolution from aluminum alloy bomblet material
are presented in table 1. Values for the kinetic coefficient are given in ml/in/hr. Kinetics are
pseudo-zero-order since the aluminum surface area remains essentially constant during the course
of reaction. Accumulation of a surface coating of metaaluminate during the reactions did not
retard the reaction, but very slight accelerations with time were observed.

Sump samples from scrubbers of gases during disposal operations were received for
evaluation of their kinetic efficacy before and after ‘“aging” during the scrubbing process.
Originally, the scrubber solutions were composed of 5% aqueous sodium hydroxide solutions.
Attempts to obtain rate constants at 13°C for reactions of the undiluted sump samples with
5000 ppm GB were unsuccessful owing to the extreme rapidity of reaction. After 13-sec reaction
time, <0.006 ppm GB remained from an initial concentration of 5000 ppm (99.9999% reaction).
Reactions of 1000 ppm GB with 1:10 dilutions of the sump solutions were likewise too fast to

follow. Nevertheless, a minimum rate constant could be calculated as well as a maximum half
life. Results are summarized in table 2.
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Table 1.

Rates of Hydrogen Evolution from Honest John Bomblet Materizl
Suspended in Stirred Aqueous Sodium Carbonate Solutions

% Sodium Amount of pH Temperature | Barometric k
carbonate bomblet* pressure
°C mm Hg mifin2/hr
10 1/8 11.24 27.0 762.3 11.7£0.2
5 1/8 11.14-11.19 26.0 762.0 [0.4+0.6
] 1/8 10.18-11.17 25.0 757.6 7.32+0.48
0.1 1/8 11.16-10.69 24.5-27.0 759.6 2.65+0.35
10 1/16 11.16-11.14 27.0 762.4 12.48+]1.08

*Each bomblet has 2 surface arca of 190 in2.

Table 2. Analyses and Rate Comparisons for Sump (Scrubber) Material Withdrawn at
Rocky Mountain Arsenzl During Pilot Scrubber Operations

. Sump , | NaOH*! NayCOz* |  Halflife (10°C) C"‘l%{ga‘r”ife
Sample | Time temperature pH content| content (1:10 dilution) uncgﬂuted) S;)I:“Ipfc
min °F mg/inl mg/ml sec seC
! 0 70 126 46.1 0.4 <0.82x0.01 <0.082
7 265 52 12.8 385 {13.9 <0.77:0.05 <0.077

*Analyses by Mr. Paul Davis, Analytical Chemistry Branch.

The partial aqueous vapor pressures of GB in dilute solutions are reported in table 3.
The data approximately follow Henry’s Law in the concentration region of measurement, but
deviate widely (10 times) from Raoult’s Law. The concentration of GB in the vapor phase was
directly measured, and this value was used to calculate (from the ideal gas law) the partial
pressure of GB in the vapor.

From the values of table 3, an average value for the Henry's Law coefficient of GB
was calculated.

Decontamination of GB in the Honest John program, as suggested previously, was to
be accomplished by sodium carbonate solutions or sodium hydroxide solutions. Scrubbing of
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Table 3. Aqueous Partial Vapor Pressures of GB at 25.0°C

. Ideal partial vapor pressure
Concentration Partiul vapor caleulated from
of GB pressurc* of GB Raoult’s law
ppm mm Hg mm Hg
2160 1.06 + 0.03x 102 7.92 x104
432 2.29 £ 0.09% 1073 1.59 x10™
216 1.16t0.03)<10‘3 0.7’92)(10'4

*Mcan Henry's Law coefficient = 0.727 mm/mole/liter.

effluent gases in salt disposal was to be accomplished with sodium hydroxide or sodium
carbonate solutions. It was desirable to be able to predict qualitatively the vapor pressure of GB
over a steady state or instantaneous concentration of GB in the salt solutions. Because of the
previously demonstrated high reactivity of GB with 10% sodium carbonate, or 5-10% sodium
hydroxide, it is not possible to obtain the vapor pressure over solutions of these salts. However,
model salts were chosen for qualitative prediction of the effect of salt on vapor pressure. Sodium
chloride (a 1:1 electrolyte) was chosen as the model for sodium hydroxide. Sodium sulfate
(a [:2electrolyte) was chosen as the model for sodium carbonate. The 1.25 M solutions of
sodium chloride correspond closely (in molarity) to 5% solutions of sodium hydroxide. The
IM sodium sulfate solutions correspond closely to 10% sodium carbonate solutions (in molarity).
Results for sodium chloride are presented in table 4.

Table 4. Partial Vapor Pressures of GB in Aqueous Sodium Chloride
Solutions at 25.0°C

Concentration Molarity Partial vapor Activity
of GB NaCl pressure GB coefficient™
ppm mm Hg
2160 1.25 1.68+ 0.06x 1072 1.50
432 1.25 330+ 0.08% 1073 1.47
216 1.25 1.48 + 0.04x 1073 1.32
2160 2.50 2,52+ 0.07% 1072 2.25
432 2.50 55 +0.5 x1073 2.46
216 2.50 31 +0.2 x103 2.76

*Activity coelficients are calculated relative to a Henry's Law standard state. The standard state would
be hypothetical unit concentration at infinite dilution, i.e, 1 molar GB at infinite dilution in agueous
solution, having a vapor pressure equal to the Henry’s Law coefficient, 0.727 mm. It is also possible
to calculate activity coefficients relative to a Raoult's Law standard state.

11




Results for sodium sulfate are presented in table 5. As is immediately apparent, the
equimolar salting effect of sodium sulfate is greater than that of sodium chloride.

Table 5. Partial Vapor Pressures of GB in Aqueous Sodium Sulfate
Solutions at 25.0°C

Concentration Molarity Partial vapor Activity
of GB NasS04 pressure GB coefficient®
ppm mm Hg
2160 0.373 1.75 +0.04%X 102 1.54

432 0.373 3.07+0.05x 103 1.37
216 0.373 1.67 +0.05% 10°3 .49
2160 1.000 3.60+0.04% 102 3.21
432 1.000 7.09 +0.15x 1073 3.17
216 1.000 3.15+0.09% 103 2.81

*Activity coefficients are calculated relative 10 2 Henry's Law standard state. The standard state would
be hypothetical unit concentration ar infinite dilution, i.e. 1 molar GB at infinite dilution in aqueous
solution, having a vapor pressure cqual to the Henry's Law coefficient, 0.727 mm. [t is also possible
to calculate activity coefficients relative to 2 Raoult's Law standard state.

Values for the partition coefficients of GB between the aqueous salt solutions and
methylene chloride have also been obtained for comparison with the vapor pressure data. These
comparisons are made through the calculated activity coefficients relative to infinitely dilute GB.

These results are summarized in table 6.

Table 6. Values of Partition Coefficients* Between Aqueous Salt Solutions and Methylene
Chloride for Partitioning of GB at Ambient Temperature (26+1°C).

. Activity
Salt Salt molarity K coefficient
None - 15.95+0.03 1.00**
Sodium chloride 1.25 27.60+0.00 1.73
Sodium chloride 2.50 40.07+£0.62 2.51
Sodiuin sulfate 0.373 28.77+0.01 1.80
Sodium sulfate 1.000 64.74+0.18 4.05
K = Organic
Agueous

**Extractions were performed on very dilute (108 ppm) initial concentrations of GB. It is considered
that the partitioned aqucous phase in the salt-free extraction is equivalent to the standard state of
Herwy's Law (infinite dilution). However, the definition is inexact here, since methylene chloride
dissolves about 2% into the aqueous phase and some water dissolves into the methylene chloride
phase. For this reason, only approximate agreement is to be expected for partition coefficient data

and partial pressure data.
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1V. DISCUSSION.

As seen from comparison of the predicted half-life (0.55 sec) in the Introduction,
and that actually found experimentally (8.45 sec) in the Results, there is a considerable defect in
concentrated-solution reactivity of sodium carbonate and GB with respect to that predicted from
dilute solution kinetics. The dilute solution calculation derives most of its reactivity (>94%)
from the carbonate ion. We attribute the experimental defect in reactivity (as opposed to the
predicted value) to a marked decrease in activity of carbonate ion in these high concentrations,
and to substantial formation of carbonate ion pairs of reduced reactivity. The magnitude of these
effects must indeed, be great when it is noted from tables 5 and 6 that the activity coefficient
of GB is actually raised 3 to 4 times in 1 M solutions of a 1:2 electrolyte. Other things being
equal, this latter effect should cause an increase in reactivity of GB with 10% (~ 1 M) sodium
carbonate solutions. Thus, the ion-pairing and jon activity reduction in reactivity of carbonate
ion must be of the order of 98-99% loss. At any rate, this lowered reactivity can cause problems
in scrubbing efficiency if the gas residency time becomes lower than 80 sec in the scrubber
(10 half lives). Certainly, the scrubbing efficiency is too low for gas residency times of the order
of 8 sec. (~ 50% reaction before equilibrium vapor emission of GB).

From the data of table 1, a mean value of 12.1 ml/inz/hr is found for the rate of
evolution of hydrogen from an Honest John Bomblet. Previous data from Hildebrand’ had
allowed calculation of a value of 4.8 ml/inz/hr for a pH of 11.3. Thus, our values are 2.5 times
greater than those reported by Hildebrand. Our data show that appreciable quantities of
hydrogen will be evolved from one bomblet in one minute of contact (about 38.4 ml}). The data
of table 1 also show some specific ion evolution of hydrogen by carbonate, though the effect is
small. Most of the variation observed can be attributed to pH changes. Furthermore, the first and
last entries of table 1 establish the proporticnality between rate of hydrogen evolution and
aluminum surface area. Hence, the rate law is as follows:

d[H,] o i
Rate = — 3 k {Area] [OH ] + k2 [Area][COS ]

This reduces to zerc-order kinetics when the pH and area of aluminum do not sensibly change.

In table 2, it is seen that the caustic depletion effect from 4 hours’ scrubbing with
5% sodium hydroxide solutions is about 15% conversion of hydroxide to carbonate. The effect
on kinetic efficiency is negligible. However, one might have concern over use of these scrubbers
for a more protracted (e.g., 30 hr) length of time. For example, if all of the hydroxide becomes
converted to carbonate, the half life of GB will approach 8 seconds or more instead of the initial
half-life of <0.08 seconds. Hence, a literature inquiry was made as to the possible use of
monoethanolamine (MEA) as a regenerable scrubber (see the Appendix). It was concluded that
MEA would be useful only at elevated temperatures, and that an inadequate data base exists
concerning reactivity of GB with MEA.
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Previously, Higuchi® had measured partial pressures of GB in aqueous solution in the
Henry's Law (infinite dilution) region. His measurements were at 30°C, and he expressed doubts
over precision and accuracy greater than about 20% owing to hydrolysis of GB during the
conduct of the experiments. The data of table 3 were obtained in the absence of appreciable
hydrolysis of GB by working in more dilute concentration ranges than those employed by
Higuchi. In addition, a “static” system rather than a flow system was employed, enabling
multiple sampling to determine that equilibrium was, in fact, extablished. Our results are in
excellent accord with Higuchi’s data.

Dilute solutions of GB obey Henry’s Law (table 3) but not Raoult’s Law. Positive
deviations (13.4 times the value; Higuchi obtained a value of 13.6 times theoretical at 30°C)
from Raoult’s Law are observed. An “activity coefficient™ of 13.4 is thus obtained for GB in
dilute aqueous system relative to pure liquid GB as the standard state. There has been expression
of suprise® over this result, since GB is considered to be a hygroscopic liquid. and to interact
widely with hydrogen bond donors such as water. Higuchi concluded that the effect was due to
the extremely high internal pressure (structure-making tendency) of water. However, it is our
contention that other factors are involved in comparing a Raoult’s Law standard state with a
solution in the Henry’s Law region which also allows an explanation of a strong positive
deviation from Raoult’s Law. At the outset, it is only ideal solutions which conform to Raouit’s
Law. Secondly, in comparing a dilute solution in the Henry’s Law region to a Raoult’s Law
standard state, we are comparing the escaping tendency of a solute from two different media,
one medium being the pure substance. For GB, the liquid cohesion forces can be divided into
Van der Waal’s attractive (or dispersion) forces, and permanent dipolar interactions. Because of
the relatively large size of GB (compared to water), the Van der Waal's forces in pure GB will be
extremely large [Cf. ref. (9) for a comparison of the relative magnitudes of dispersion forces and
dipolar forces]. When GB is dissolved in water, the farge dispersion forces around GB are
displaced by much weaker dispersive attractions with water. and dipolar and electrostatic
hydrogen-bonding forces, but the latter are not likely to compare with the magnitude of
dispersive forces in pure GB [Cf.ref(9)]. Hence, it is quite possible that the large activity
coefficient of GB in water refative to pure GB is a result mainly of artractive dispersion forces in
GB which are depleted in water, rather than a result of the great structure-making tendencies of
water. At any rate, it should not be surprising that the combination of structure-making
tendencies within water, and the loss of dispersion forces upon separating GB molecules can lead
to a greater escaping tendency of GB from water than from pure liquid GB.

The salting effects of the two model electrolytes as measured by the activity
coeflicients relative to a Henry’s Law standard state (tables 4 to 6) are most certainly the result
of specific salt effects as well as ionic strength effects. The ionic strength effect of electrolytes
on the activity of a nonelectrolyte has been theoretically explored.!® One of the formulations

proposed is:
log v = kmu

Here, v is the activity coefficient of a neutral molecule. The constant, km is a “salting
coefficient”, and p is the ionic strength. The equation has been successfully and empirically
applied to data with large ionic strengths. The vapor pressure data provides a salting coefficient
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of 0.14 for sodium chloride as compared with a value of 0.17 from the partition coefficient
data. For sodium sulfate, the vapor pressure data can be used to calculate a sajting coefficient of
0.16 as compared with a value of Q.22 from the partition coefficient data. Comparison of the
Henry's Law activity coefficients from vapor pressure measurements (tables 4 and 5) with those
from partition coefficient measurements (table 6) shows that the two different kinds of data are
in qualitative, but not quantitative agreement. Except for the values of 2.5 M sodium chloride,
the partitioning activity coefficients have a tendency to be 20-30% larger than the vapor pressure
activity coefficients. As noted in the footnote of table 6, only approximate agreement is to be

expected between the two kinds of data owing to inexactness in obtaining pure phases in the
partition coefficient measurements.

Data from the partition coefficient measurements and vapor pressiure measurements
have served to establish the magnitude of salting effects on the activity of GB. Hence, the vapor
pressure of GB in aqueous 10% sodium carbonate will be about 3 times the value in pure water,
while the vapor pressure of GB in aqueous 5% sodium hydroxide will be about 1.5 times the

value in pure water. Analytically, the data of the present report can be used to predict salting
effects of electrolytes on partition coefficients for extraction of GB.

These studies were made to provide background information to the problem of
decontamination of GB filled Honest John warhead components. The data generated indicate
that (1) the vapor pressure of GB in scrubber solution expecially Na2»CO3 can be considerably
higher than one would predict from Raoult’s Law and (2) the reaction of GB with Na)COj is,
although rapid, considerably less rapid than one would have predicted from extrapolation of data
obtained in dilute solution. These two effects should be considered in the design of
decontamination egquipment and procedures. For example, the scrubber solution cannot contain
more than 3 parts per billion of GB if the vapor over the solution is to be less than 0.0003 ug/1
in GB. The residence time of a gas to be scrubbed by the NapCO3 should consider the time of

contact required to reduce the concentration of GB entering the scrubbing solution to below
3 parts per billion.

One can possibly get high rates of reaction with other bases such as trisodium
phosphate. A study of the rates of reaction between GB and other basic ions is indicated.
Moreover, the data of Higuchi (loc cit) indicate that there are materials which decrease the
activity coefficient of GB. Some of these materials {or those extrapolated from his data) might

be considered if it is decided that a new look is needed into the problems in decontamination and
scrubbing of GB.
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APPENDIX

Literature Survey Pertinent to Application Monoethanolamine
as a Scrubber Material for GB

Selected literature references reveal that 2-aminoethanol, commonly called mono-
ethanolamine (MEA) and aqueous solutions of MEA have found extensive international use in
removal of carbon dioxide {and other gases such as H,8) for COy recovery, and COy removal
from gases during purification.

Fundamental Data. An early report! summarized the available fundamental data on
equilibrium solubility and absorption rates by aqueous solutions of MEA. Very recent reviews
contain similar information of value in process planning for utilization of MEA as absorbent for
carbon dioxide. Tables and data on physical, chemical, and thermal properties of MEA and
aqueous solutions are presented, with data on the equilibrium absorption of carbon dioxide,
degree of conversion to carbamates, etc.? A process review on the use of MEA to remove carbon
dioxide from ammonia synthesis gas is available.®> Data concerning the solubility of carbon
dioxide in 5.0 N MEA solution determined between 40°C and 100°C at various partial pressures
has been summarized.* Differential and integral heats of solution of carbon dioxide in aqueous
MEA have been evaluated.’ Calculation methods for solutions of variable aqueous and
carbonation contents have been presented for 65-130°C at levels of 0.07-0.67 moles COz/mole
MEA and concentrations of 10-20% MEA.

Equations derived from existing laws of nonelectrolyte sclutions with the assumption
that the basic reaction product is the bicarbonate of MEA have been shown to be in error.®

Mechanical and Geometric Effects in Absorption of MEA.  The absorption of carbon
dioxide by monoethanolamine in the neat state has been shown to be hampered by the viscosity
of the liquid and the sticky characteristics of the fluid. The use of mechanical dispersers is
advocated to split the liquid into small drops for the formation of a larger active surface.? The
efficiency of absorption is thus improved.

Further studies of mechanical and geometric effects on the efficiency of absorption of
carbon dioxide by MEA solutions have been conducted by a large number of workers. Most of
these reports are in the Russian literature, and are not readily accessible. One report® appears in
the English literature.

Kinetics. A massive number of publications, mostly in the Russian literature, report
on the kinetics of absorption of carbon dioxide by MEA. Very complex equations have been
developed including physical absorption effects, mass transfer, diffusion, chemical reaction, and
equilibria. Among the English references available are 9, 10, i1, 12, 13, 14, and 15.

Reversibility and Regeneration.  The reversibility of carbonation and widespread ease
of regeneration of MEA from its carbonated solutions has been amply reported upon, especially
in the Russian literature.16-!? Kinetics of desorption have been obtained.'’
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Based upon this reversibility, continuous processes have been described for absorption
of carbon dioxide and regeneration of MEA.2% Some references appear in the Russian and patent

literature.

Mechanism of CO» Absorption.  The absorption of carbon dioxide by MEA involves
both physical and chemical processes. One model which has been suggested is that of a physical
gas absorption followed by a two-step chemical reaction. Data from the literature followed
certain aspects of this model.?' It has been shown'® that for molar ratios of CO2/MEA <0.5, a
sccond-order fast chemical absorption takes place with a stoichiometric coefficient of 2 moles
MEA per mole of CO2. This could correspond to production of (2-hydroxyethyl)ammonium
carbonate (HOCHZCHzNH3+)2 (C03=) or (2-hydroxyethyl)ammonium (2-hydroxyethyl)-
(carbamate) (HOCH>CHoNH3%) (HOCH,CH2NHCOS). When the CO2/MEA ratio reaches >0.5,
the reaction becomes pseudo-first-order, and slow, with an overall kinetic constant depending
upon pH (directly proportional to OH concentration). This latter reaction is evidently a
catalyzed rearrangement of carbamate to carbonate followed by further carbonation (and
hydration) to give the bicarbonate. Further, it is demonstrated'? that carbon dioxide hydration
catalysts could affect the rates of CO7 absorption by aqueous monoethanolamine. Later?? it was
determined that rapidly formed carbamate reacts slowly to give the bicarbonate. There is, thus,
produced a metastable equilibrium pressure of CO2 with the carbamate which decays slowly to a
final equilibrium pressure involving carbamate and bicarbonate. Whymark and Ottaway?? showed
that carbon dioxide reacts with MEA in pyrdine to produce (2-hydroxyethyl)ammonium
(2-hydroxyethyl)carbamate, a result in agreement with the previous observations.

More recently, it has been discovered®® that the carbonation reactions of MEA
produce additional products, including N-(2-hydroxyethyl)<ethylenediamine, 1-(2-hydroxyethyl)-
2-imidazolidinone, and 2-oxazolidinone. It was later reported®® that 2-oxazolidinone is attacked
by MEA to produce the intermediate, bis-(2-hydroxyethylJurea which then <cyclizes to
1-(2-hydroxyethyl)-2-oxazolidinone. It should be noted that the more recently isolated products
of carbonation of MEA are apt to be formed irreversibly since it is likely that thermal reversal of
their formation would be slow.

A scheme accounting for the determined equilibria and some of the products is the
following:

H
- fast + | -
deNCHZCHZOH + C02 e (HOCH2CH2NH3}(HOCHZCHZN-COZ )] |

.e-——-——
‘] L CO0y  slow
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H
HN-CH,CH,0H + €07 ——> _N>c=o + 10

l HOCH,, CH,NH,
0
NH\ Hyg H
“N-CH.CH.OH + H.0 ¢&——— HOCH.CH.N-C-N-CH,CH.OH
o ) 2 5CHy oCHy

Reaction of MEA with GB (Sarin).  Only two studies of the reaction of MEA w:
organophosphorus esters related to GB are reported.2®-27 No kinetics have been determined. T
reaction of GB with MEA with a 1:1 ratio of reactants in chloroform (with triethylamine prese
as a proton acceptor) occurs in the following way:

0 0
] f
CH3-F-F + HOCHZCHZNH2 —— CHS—T-O C:l'lz(:l‘{zl\ﬂ'i2 + HF
/CH3 /CH3
OCH\ ! OCH\ ’
C 3 C 3
HF + Et,N o=—=> Et;N-HF

The authors contend that the reaction is “slow” though no kinetics are presented. React
times utilized are of the order of 1 day at the temperature of refluxing chloroform, and 4 d:
at room temperature. Concentrations of the reactants were 5 M. These results may not be w
to forecast the reactivity of neat MEA or aqueous MEA with GB, since a high dielectric const:
[such as MEA (e =37.7) and water (¢ = 77.9)] would favor reaction between these materials
opposed to the poor, low dielectric (ex= 5) of chloroform. Chemical analogy suggests that
reaction of GB with neat MEA will be fast since the reactivity of methoxide ion in methanol
solvent of comparable dielectric constant (¢ =26) to MEA] is quite good (k» =40.3 M sec
reference 28). Furthermore, the autolysis of MEA to produce H3N-CHCHO"
H4N-CH,CH,O" should provide appreciable concentrations of these nucleophilic ions. Howe:
uptake of CO, could suppress formation of the desirable nucleophilic species.

Analytical Methods.  Analytical methods have been described for the determinat
of the carbon dioxide content of MEA solution.?%-3°
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Summary and Conclusions.  The use of MEA as a regenerable scrubber for CO5 is
well-documented and studied. Efficiency for removal of CO2 is high; this is not a particularly
desirable trait for the scrubber under consideration, [t would be desirable to eliminate absorption
of CO,, if possible, while preserving reactivity capability for GB. The viscosity of neat MEA is
high, and inconvenient for a scrubber material. The reactivity of neat MEA or aqueous MEA
with GB has not been demonstrated Kkinetically. “Slow” reactions have been obtained in
chloroform. Products consist virtually entirely of the oxy-anion attack.

It is considered that many of the contemplated difficulties with employment of MEA
as a scrubber material could be overcome. For example, if the neat material were used at 100°C
its propensity for CO» absorption could be much-reduced. Its viscosity would also be reduced.
Any remaining viscosity problems could be overcome by introducing mechanical turbulence.
Conducting the scrubbing action at elevated temperatures would produce higher reactivity for GB,

an added bonus.
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hypochlorite (commercial bleach).

The decontamination studies demonstrated that:

1. The decontaminating solutions meet the criteria established for use in the disposal
operation of identification and training sets.

2. The most effective decontaminating procedure for using the sodium hydroxide/methyl
cellosolve solution is to wipe the agent from the surface with paper towels, swab the contaminated
surface with decontaminant, wait 5 minutes, wipe off the decontaminant with paper towels, and
swab and wipe the surface two more times with no waiting period between them.

This report gives a description of the development and testing of the decontaminating
solutions. Included are the determination of flash points, relative solubilities, and reaction rates.
Also presented are the results demonstrating the effectiveness of the decontaminating solutions.
Finally, information conceming how to mix the decontaminating solutions, when and how to use
the solutions, how to check the activities of the solutions, and how to handle the solutions safely is
compiled in appendix B.
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DECONTAMINATING SOLUTION FOR DISPOSAL OF
IDENTIFICATION AND TRAINING SETS

|8 INTRODUCTION.

Disposal of the war gas identification and training sets at Rocky Mountain Arsenal
(Denver, Colorado) will be performed at the Honest John Facility (bldg 1611). Partial disassembly
of the steel shipping cylinders (pigs) will be necessary to remove the cans of agent which are fed
directly into the deactivation furnace,

The procedure for disassembly of the pigs and disposal of the agents and contaminated
parts is illustrated in the flow chart (figure 1). The sets are shipped from the storage area and
transferred through the holding area into the glove box area. The disassembly procedure begins by
installing the pig with the flanged portion sealed inside the disassembly section. After the flange
cover plate and the lead gasket are removed, the cans are transferred from the pig to the inside of
the disassembly module. The cans proceed to the storage module on a screw conveyor where they
are fed into the deactivation furnace. The lead gasket and five bolts and nuts are placed back into
the pig which is then resealed with the three remaining bolts and nuts. Pigs which contain leaking
cans of agent will be immediately decontaminated before being sent to the decontaminating fumace
to prevent the spreading of gross contamination of agent.

A liquid agent leak from a pig outside the glove box would also require immediate
decontamination to minimize any resulting interruption of the disposal operation. But this type of
contamination also surfaces the problem of possible seepage of agent into the concrete floor in the
glove box area. If contamination did occur, the only means of assuring complete decontamination
of the floor would be to physically remove the section of the floor involved. To avoid this drastic
measure, -the floor of the glove box area will be coated with a substance which is determined to be
the most compatible with the agents and the decontaminant solution. Liquid agent which leaks
from a pig inside the glove box will collect on the glove box floor. Since the agent is contained in a
~ well-ventilated enclosure (600 acfm at 24.4-inch Hg and 70°F), immediate decontamination will
not be required.

The selection of a decontaminant was not only complicated by the various applications
for which it was required but also by the number of agents with which it must react without
interfering with the detection methods. Other criteria which were considered in the selection of a
decontaminant were as follows:

1. The decontaminant solution would be soluble in water.
2. The decontaminant sclution would be miscible with the agent and chloroform.
3. The decontaminant solution would have a relatively large capacity to neutralize

the agents and chloroform.

4. The decontaminant sclution would be noncorrosive with the metals in the glove
boxes and the floor coating.

5. The decontaminant solution would not be hazardous to personnel (high flash
point, minimal toxicity). '
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Several standard decontaminants now being used by the US Army (STB, HTH, DS-2,
DANC), in addition to other decontaminants (aqueous sodium hydroxide, alcoholic sodium
hydroxide, monoethanolamine), were considered. Unacceptable chemical or physical characteristics
of the individual decontaminants e¢liminated each one for application in the disassembly module.
Aqueous solutions of sodium hydroxide, STB, and HTH are not miscible with all the agents which
results in a very slow reaction. The use of either DS-2, which contains an amine, or
monoethanolamine would require additional detection procedures to monitor for the low threshold
limit values (TLV) of the amines (4 to 6 mg/m3). Detection and monitoring of one more material
would only complicate the requirements already existing for seven other compounds. DANC
solution consists primarily of acetylene tetrachloride (1,1,2,2-tetrachloroethane) which is highly
toxic (TLV =35 mg/m3) and would also require monitoring. STB and HTH solutions are highly
corrosive and liberate chlorine gas which would interfere with some of the detection methods
(chloroform, phosgene) (appendix A).

To meet the requirements for the decontamination of an agent release within the glove
box and an agent spill on the work-area floor surrounding the glove box, it was judged that possibly
two decontamination solutions and procedures would be necessary. The primary purpose of the
decontaminating solution used inside the glove box was to solvate the agent, after which the major
part of it could be removed with absorbent paper towels. The towels would be inserted into a fiber
overpack for incineration. Excess decontaminant solution would be flushed from the area with
water and stored in a holding tank to allow for the reaction of residual agent.

Another important characteristic was that it would not interfere with the agent
detection procedures. The solution used outside the glove box would have to react with the agent
within 5 to 10 minutes. It would also have to be compatible with the floor coating. Interference
with the detection methods was not as critical in this situation because the personnel performing
the decontamination would be dressed in adequate protective clothing. Any residual decontaminant
would be completely wiped away and the vapors carried away with the ventilation air before
detection procedures were restarted to verify a clean area.

Several decontaminants were considered for use inside the glove box. All of these
consisted of a combination of a solvent and aqueous sodium hydroxide. To meet the proposed
requirements, the solvent used in the decontaminating solution would have to be nonreactive with
sodium hydroxide, soluble in water, and essentially nonflammable (high flash point) and nontoxic
(high TLV). To be effective, the solvent would have to be miscible with water, sodium hydroxide,
and mustard. The solvents considered were basically glycols, cellosolves, and carbitols.

Only two types of solutions were considered for agent spills outside the glove box.
These were aqueous sodium hypochlorite (commercial bleach) and the decontaminant selected for
the inside of the glove box. Once the decontaminant solutions were selected, tests were performed
to determine the effectiveness of each in decontaminating samples of materials from the glove box,
pigs, and floor coating.

This report presents the experimental work performed in the development and testing
of the decontaminant solutions. The preliminary work involved the selection of an adequate solvent
which included the determination of flash points, solubilities, and reaction rates. This was followed
by studies to determine the effectiveness of the decontaminant solutions. Appendix B of this report

resents information required in the actual use of the decontaminant. This information includes
recommendations on how to mix the solution, when and how to use the solution, how to check the
activity of the solution, and how to safely handle the solution.



II. EXPERIMENTATION.

A. Solvent Selection.

1. Solubility Tests.

These tests consisted of mixing a neat solvent and 50% (w/w) sodium hydroxide and
allowing the solution to sit for 24 hours. The solution was then visually checked to determine
homogeneity. The solutions tested were 70 to 30 volume parts and 80 to 20 volurne parts of solvent
to aqueous sodium hydroxide, respectively. Those solvents which passed this portion of the test
were checked for solubility with neat mustard and then with chloeroform. A discussion of the results
of these tests is presented in section IILA.1.

2. Flammability Tests.

After the solubility tests were completed, the solvent/caustic solution had to be tested
for its flash point. This was to insure that the solution was not hazardous for use within the glove
box. These tests were conducted by ASTM Procedure Nos. D56 for closed-cup flash point and
D1310 for the open-cup flash point. These results are presented in section II1.A.2.

3. Reaction Rate Tests.

The solvent/caustic sclution selected was then tested for its effectiveness in destroying
agent. Since mustard presented the major problem of miscibility in aqueous solutions, it was chosen
for use in these tests. The proportions of solvent to caustic were varied to determine an optimum
solution. These results are discussed in section I11.A.3.

4. Detector Paper Tests.

Once the solution was applied, a detection method was required to determine that
complete decontamination was achieved. The M-8 liquid agent detector paper was suggested, and a
simple test was devised to check for interferences from other chemicals which may be present
during the disposal operation. The results of these tests are discussed in section II1.A.4.

B. Decontamination Tests.

These tests were performed using samples of materials representative of both the
painted and unpainted mild steel surfaces of the pigs, the lead gaskets used to seal them, the
stainless steel of the glove box, and coated concrete for the floor. The chemical agents tested
consisted of neat mustard (HD), neat lewisite (L), and neat chloropicrin (PS). Four or five tests
were performed with both neat mustard and mustard in chloroform with no discernible differences.
Therefore, all the agents were tested in the neat form.

1. Materials,
a. 316 Stainless steel: 3- by 3-inch samples

b. Low carbon steel:  3- by 3-inch samples
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c. Lead: 3-by l-inch samples |

d. Coated concrete: 3- by 3- by l-inch concrete samples coated
(approximately 0.015 inch thick) with white Chemglaze II Polyurethane (No. A276) over Wash
Primer (No. 9924) manufactured by Hughson Chemicals, Lord Corporation, Ere,
Pennsylvania 16512. '

2. Euigmcnt.

A Hewlett-Packard Model No. 5830A gas-liquid chromatograph with flame ionization
detector was used for agent analysis. A 6-foot column consisting of 10% UCW982 on 80-100 mesh
high-performance Chromasorb W was chosen for all analyses. Instrument temperatures and flow
rates are shown in table 1. These data were selected to give minimum run times while maintaining
the detectable peak resolution (table 2).

3. Standard Solutions.

The standards for mustard and chloropicrin were prepared by weighing several drops of
the agent in 10 ml of hexane and making the appropriate dilutions. The lewisite standard was
prepared by pipetting 0.1 m! of the agent into 100 ml of hexane and making dilutions. A liquid
density for lewisite of 1.89 gm/cc at 20°C was used to determine the milliliters of agent required.
The solvent was Fisher Spectranalyzed Hexane containing methylcyclopentane isomer (certified
ACS quality) and gave-a minimum number of solvent peaks on the gas-liquid chromatograph.
Table 2 shows the concentrations used for each agent and the retention times experienced at various
temperatures.

4. Procedure.

Representative samples were contaminated with 1 to 5 ul of agent. The agent was
wiped from the surface with absorbent paper towels. The surface was then swabbed with the
decontaminant solution. After 5 minutes, the decontaminant was wiped off with paper towels, and
the surface was swabbed and wiped two more times with no waiting period between them. The
surface was rinsed with 10 ml of hexane of which a 10-ul aliquot was analyzed in the gas-liquid
chromatograph. A control sample was run with each test. With one exception, this sample was
subjected to the same conditions as those of the test samples mentioned above. The sample was not
decontaminated before being rinsed with the hexane. A discussion of the results of these tests are
presented in section 111.B.

(AP PO Y e

Some effort was made to optimize on the procedure. Variations in the number of
applications required and the amount of time which the decontaminant remained on the surface
were examined. Neat mustard (HD) was selected for these tests because it was the most persistent.
The results of the effort are discussed in section IIL1.B.
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Table I. Chromatograph Operating Parameters

Injection Flame

A Column jonization Flow Carrier

gent ¥ temperature port detector rate gas

temperature
temperature
°C °c °C ml/min
Mustard (HD) 150 225 300 30 Helium
Lewisite (L) 135 185 300 45 Helium
Chloropicrin (PS) 90 200 300 45 Helium
Table 2. Chromatograph Response to Standard Solutions
Agent Solvent Concentration Column Retf: ntion Peak
temperature time area
ppm °C min

HD Hexane 150 150 2.19 40520
2.31 38490
2.32 41060
233 44340
75 150 2.24 16620
15 150 2.16 2190
2.16 2306
7.5 150 2.16 1097
2.16 1147
2.13 1076
1.5 150 2.16 180
2.16 193
2.16 232
2.16 201
2.16 216
Lewisite (L) Hexane 1890 135 2.17 220400
189 135 2.07 9336
135 2.18 8774
38 125 2.83 457
2.87 405
2.84 430
19 135 213 76
2.13 70
Chloroplerin (PS) Hexane 440 8s 2.13 13400
8s 2.17 13500
85 2.13 12720
90 1.67 13470
1.65 13700
1.67 14110
88 90 1.65 217
1.65 206
1.65 230

12




L. RESULTS AND DISCUSSION.

A. Solvent Selection.

1. Solubility Tests.

Several solvents were selected as the most likely to meet the established criteria. Ethyl
and methyl carbitol were the first solvents eliminated because they were not miscible with 50%
(w/w) sodium hydroxide. The other solvent/sodium hydroxide mixtures were then tested for
solubility with neat mustard (HD) (table 3). The only two mixtures which were soluble with neat
mustard were ethyl cellosolve/sodium hydroxide and methyl cellosclve/sodium hydroxide. Of the
two remaining mixtures, only methyl cellosolve/aqueous sodium hydroxide formed a homogeneous
solution with 25 vol % chloroform in both an 80/20 ratio and a 70/30 ratio of solvent to sodjium
hydroxide, respectively.

Table 3. Solubility Tests

* Solubility
Solvent
50% NaOH? HDP CHCl,¢
Ethylene glycol Yes No —
Diethylene glycol Yes No —
Methyl cellosolve Yes Yes Yes
Ethyl cellosolve Yes Yes Yes
Methyl carbitol No - -
Ethyl carbitol No - -
Propylene glycol Yes No -

4To form a homogeneous solution with 20 to 30 parts 50% NaOH.

100 ml of 20 parts 50% NaOH and 80 parts solvent would dissolve 0.25 ml HD within
3 minutes with stirring.

€20 Parts of 50% NaOH and 80 parts of solvent also formed a homogeneous solution with
chloroform in the ratio of 25 volume parts of chloroform to 75 volume parts of
decontaminating solution.

The 80% ethyl cellosolve/20% aqueous sodium hydroxide also formed a solution with
chloroform in the ratio of 25 volume parts of chloroform to 75 volume parts of decontaminating
solution. The 70% cthyl cellosolve/30% aqueous sodium hydroxide became cloudy when 24 volume
parts of chloroform was added to 76 volume parts of decontaminating solution. Two layers were
observed when 27 volume parts of chloroform was added. The second layer increased to 10 vol % in
1.5 hours and to 20 vol % in 20 hours. Nevertheless, it was judged that the ethy! cellosolve has
adequate solubility for the proposed applications and could be used if methy! cellosolve is not

. available.
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The decontaminant/chloroform solutions showed some signs of a reaction occurring
over a 24-hour period. A slow release of bubbles was observed with no change in the temperature of
100 ml of solution. Previous studies have shown that chloroform and sodium hydroxide react to
produce carbon monoxide as one of its products.! It was judged that the bubbling action during
this phase of the tests was a result of carbon monoxide being formed. As a result, this mixture
cannot be stored in a secaled container without risking a rupture of the container from an internal
pressure build-up.

2. Flammability Tests.

The open-cup and closed-cup flash points were determined for neat methyl cellosolve
and two formulations of methyl cellosolve and 50% (w/w) aqueous sodium hydroxide. These data
are presented in table 4 in addition to values reported in literature for neat methyl cellosolve. For
comparison purposes, the flash points for other familiar materials are also listed.

Table 4. Flash Point

Solvent . Open cup Closed cup

= ———— —— OF °F

Methyl cellosolve 115* 107*

80% Methy! cellosolve/20% aqueous sodium hydroxide 120 108

70% Methyl cellosolve/30% aqueous sodium hydroxide 155 120

DS-2 solution 148 168**

Ethyl cellosolve 120* 106*

No. 2 fuel oil - 110-190*

Kerosene (No. 1 fuel oil) - 100-165*

Gasoline | - -50*

*Literature value.

**Specification Mil-D-50030D(MU) .

The analytical personnel were unable to explain the apparent discrepancy between the
flash points associated with the DS-2 solution, i.e., a higher value for the closed-cup flash point
relative to the open-cup value. Nevertheless, comparing the open-cup flash points of the DS-2
solution and the recommended cellosolve/caustic solution shows only a 7°F difference. As
compared with the other materials listed, the closed-cup flash point of cellosolve/caustic solution
(70/30 parts by volume) is in the lower range of the values reported for No. 2 fuel oil and kerosene.

1Roberts, John D., and Caserdo, Marjorie C. Basic Principles of Organic Chemistry. W. A. Benjamin, Inc., New
York, New York. 1964,
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A small laboratory experiment was performed to determine the potential hazard of a
flash fire in using the cellosolve/caustic solution (70/30 parts by volume). The primary hazard was
thought to exist whenever pigs were stored in the decontaminant conveyor shroud while other pigs
were being fed into the decontaminant furnace through an open door.

One edge of a paint can lid was dipped into the proposed decontaminating solution and
gradually brought to a Bunsen bumer flame in a darkened room. No flash was observed from the
decontamination solution until it was immersed in the flame. The decontaminating solution did not
burn until the flame had warmed the metal and the solution. Therefore, no flash hazard is expected
when using the decontaminating solution in any area where there is a minimal airflow to prevent an
accumulation of vapors and no source of ignition.

3. Reaction Rate Tests,

In order to optimize the quantities of caustic solution and methy! cellosolve required
for decontamination, the reaction rates were determined for mustard in methy! cellosolve and
various concentrations of caustic solution in methyl cellosolve. The decontaminating solutions
consisted of different concentrations of 50% (w/w) aqueous sodium hydroxide, water, and methyl
cellosolve. Table 5 shows the quantity of each material used to prepare each of the four solutions
tested. Solutions containing more than 13% to 14% sodium hydroxide were not used in the rate
studies because solution E gelled during mixing. Also, the reaction rate of mustard in a chloroform
solution could not be studied because the reaction of caustic and chloroform would obscure the
mustard reaction. Therefore, a solution of neat mustard (HD) in methyl cellosolve was prepared
containing 50 mg HD/ml.

Table 5. Decontaminating Solutions

- Methy! Methyl
Solution 50% NaOH Water cellosolve NaOH Water cellosolve

.ml ml ml wt % wt % wt %
A 10 10 80 7.5 17.2 75.3
B 20 20 60 14.1 32.6 53.3
C 30 30 40 20.1 46.3 33.6
D 30 - 70 20.3 20.3 59.4
E 40 - 60 25.7 25.7 48.6

For each of the rates studied, a 2-ml aliquot of the mustard solution was added to
10 ml of the decontaminating solution. At designated times, 50 ml of 3N nitric acid was added to
the mixture to stop the reaction. The chloride ion liberated during the reaction was determined by
the standard Volhard titration procedure. To determine the percent mustard destroyed, it was
assumed that both chlorine atoms were being removed simultaneously from the mustard molecule
during the reaction. The percent of the mustard destroyed was then plotted versus reaction time
(figure 2).
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The reaction of mustard with solution A was very slow with only 29 wt % of the agents
being destroyed after 2 hours. The reaction mechanism being followed by solution B is thought to
be the removal of the first chlorine at a fast rate fellowed by a slower rate for the second chlorine.
Only 84 wt % of the mustard was destroyed after 6 hours. Theoretically, complete destruction of
the mustard would require 12 hours with solution B, Samples allowed to stand overnight (18 hours)
showed complete destruction of the agent. Sclution C has the same initial reaction rate as
solution B and apparently continues at the same reaction rate up to approximately 80 wt %
destruction. Then the slower secondary reaction rate is observed until the agent is completely
destroyed at 4 hours. This could simulate the reaction time which would be expected whenever
large amounts of water are used to wash down the decontaminant from the pigs or from the walls
of the glove boxes. Complete destruction of mustard in solution D was obtained in 2 hours at
approximately 70° to 80°F. Stoichiometrically, the sodium hydroxide in 100 m! of solution D will
neutralize 29.8 grams of mustard as follows:

(CICH,CH,),S +2 NaOH ~ 2 NaCl + (HOCH,CH,), S

4, Detector Paper Tests.

The M-8 detector paper was tested by simply applying a few drops of various chemicals
to the paper and observing the resulting color change. Methyl cellosolve gave a yellow indication
which could be misinterpreted by untrained personnel as showing the presence of the nerve agent
GB.

The methyl cellosolve/sodium hydroxide solution turns the M-8 paper very dark green
or black. Minute vellow specks were observed in the dark green spot in one test and a yellow fringe
was observed around the spot in another test. It is thought that this color change could be
misinterpreted as an indication of the nerve agent VX, and where traces of yellow were observed
both VX and GB could be falsely reported. The nerve agent VX is not found in any of the
identification sets scheduled for disposal at Rocky Mountain Arsenal, but the nerve agent GB is one
of the components of the chemical agent identification and training sets (CAITS). Since the CAIT
set is not processed through the glove box, the M-8 paper could be used inside the glove box if there
are no false indications of agent from other chemicals which may be present, such as chloroform.

B. Decontamination Tests.

All the tests reported in this section were performed in a laboratory fume hood
through which airflow was maintained at a face velocity of approximately 150 feet per minute. Asa
result, varying rates of evaporation of lewisite, chloropicrin, and mustard were experienced at 75°
to 85°F. In a preliminary test, a measured quantity of neat mustard was applied to a surface, was
allowed to stand for 5 minutes, and was rinsed off. At temperatures in the 72° to 78°F range,
approximately SO wt % of the mustard was recovered. But at 60° to 68°F, nearly 100 wt % was
recovered. These results assured that there would be some measurable agent remaining on the
samples even if the evaporation factor were considered.

The resuits of the decontamination tests with lewisite are presented in table 6. Lewisite

discolored the painted surfaces and was assumed to have reacted with the paint. This created no
sblem for the celiosolve/sodium hydroxide solution because it removed the paint, as well as the
agent, during the tests. When working with neat lewisite or dilutions of lewisite in hexane above

17
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Table 6. Chromatograph Response to Lewisite
Surface Amount Decontaminating condition Column Ret.entlon Peak
applied temperature time area
ue °C min
Mild steel plate 5 Control. No decontaminant. 135 2.15 2631
(unpainted) 2.15 2950
5 Applied decontaminant, waited 135 2.15 0
5 minutes; wiped; then swabbed 2.15 0
and wiped two more times. 2.15 0
215 0
Mild steel plate 5 Control. No decontaminant. - 135 2.17 632
(painted) 2.19 1153
2.19 53+
5 Applied decontaminant, waited 135 2.19 0
5 minutes; wiped; then swabbed 2.19 0
and wiped two more times. 2.19 0
219 0
Stainless steel plate s Control, No decontaminant. 135 2.07 2268
2.07 3115
5 Applied decontaminant, waited 135 2.07 0
5 minutes; wiped; then swabbed 2.07 o
and wiped two more times. 2.07 0
Lead 5 Control. No decontaminant. 135 2.15 14690
' 2.18 14780
5 Applied decontaminant, waited 135 2.15 0
5 minutes; wiped; then swabbed 2.15 0
and wiped two more times. 2.15 0
2.15 0
Polyurethane-coated 5 Control. No decontaminant. 135 2.17 8436
corcrete 2.15 7612
(9924 A276) . . .
5 Applied decontaminant, waited 135 2.16 0
S minutes; wiped; then swabbed 2.16 0
and wiped two more times 2.16 o
2.16 0
3 Decontaminated with commercial 135 2.16 0 !
bleach., Applied and wiped three 2.16 0
times. No waiting period. 2.16 0
21.6 )
* High evaporation rate.
18




200 ppm, the sample syringe had to be rinsed thoroughly after each injection. This was necessary to
prevent a build-up of contamination of lewisite between samples and to prevent the stainless steel
syringe from becoming inoperable after two to three injections.

The high-gloss finish of the polyurethane-coated concrete made it difficult to
uniformly distribute the agent on the surface. Instead of forming a layer on the material, the agent
dispersed into several beads in the same manner as water on a waxed surface. This made the agent
relatively easy to wipe clean, both initially and after the decontaminating solution was applied. Care
should be taken when decontaminating with the bleach solution because it also beaded on the
polyurethane surface. Since the bleach solution relies heavily on the contact between the sodium
hypochlorite and the agent, some difficulty may be experienced in mixing the agent and bleach
adequately.

From the results presented in table 6, it is clear that the cellosolve/sodium hydroxide
solution is adequate for decontaminating all the surfaces that were tested. No agent was detected
(less than 20 to 30 ppm) after decontamination of any of the materials. In addition,
decontamination of the polyurethane-coated concrete with commercial bleach [5% to 6% (w/fv)
sodium hypochlorite] was found to be just as effective as the cellosolvefsodium hydroxide
decontamination. '

The results of the decontamination tests with chloropicrin are presented in table 7.
Beading of the chloropicrin on the polyurethane coating was also experienced in these tests. As with
the lewisite, the agent was easily removed before and after the decontaminant was applied. Again,
no agent was detected (less than 5 to 8 ppm) after the materials were decontaminated. The
commercial bleach removed the agent as well as the cellosolve/sodium hydroxide solution when
tested on the polyurethane coating.

The only other agent used in these studies was neat mustard. In addition to the types
of tests performed with lewisite and chloropicrin, mustard was used to optimize the
decontamination procedures. The results of all the mustard decontamination tests are present in
table 8. As noted in the third item of table 8, a detectable quantity of agent remained on the
stainless stee! plate which was decontaminated one time with the cellosolve/sodium hydroxide
solution and immedijately wiped and rinsed. The concentration of agent was estimated to be
approximately 5 to 7 ppm. In the next test, a single application was made and allowed to sit for
5 minutes before it was wiped and rinsed. Since no mustard was detected (less than 1 ppm), this
procedure is considered to have the minimum requirements to insure complete decontamination.

A similar approach was taken with mustard on the polyurethane-coated concrete
(item 6, table 8). In this case, the S-minute waiting period after the decontamination application
was not sufficient. This may have resuited from a lower than normal (60° to 70°F) room
temperature which was experienced during this time because of a heater problem. Nevertheless, no
agent was detected (less than 1 ppm) after a 7-minute waiting period. No further optimization tests
were performed. After these tests, only the recommended procedure (section I1.B.4.) was used. No
agent was detected while the recommended procedure on the six different materials was being
used. Again, the commercial bleach was an adequate decontaminant for the polyurethane coating.
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Table 7. Chromatograph Response to Chloropicrin
Amount . Column Retention Peak
Surface applied Decontaminating condition temperature time area
ut °C min
Mild steel plate 5 Control. No decontaminant. 90 1.67 12320
(unpainted) 1.67 10280
5 Applied decontaminant and 90 1.67 0
wiped three times. 1.67 0
1.67 0
1.67 0
Mild steel plate 5 Control. No decontaminant. 90 1.67 9630
(painted) 1.67 10740
Applied decontaminant and 90 1.67 0
wiped three times. 1.67 +]
1.67 0
1.67 0
Stainless steel plate 5 Control. No decontaminant. 90 1.67 2937
1.67 2810
Applied decontaminant and %0 1.67 0
wiped three times. 1.67 0
1.67 0
Lead 5 Control. No decontaminant. 90 1.67 5262
1.65 5082
5 Applied decontaminant and 90 1.66 0
wiped three times. 1.66 0
1.66 0
1.66 0
Polyurethane-coated 5 Control. No decontaminant. 85 2.11 15970
concrete 2.09 13790
(9924 A276) 5 Control. No decontaminant. 85 2.12 20670
2.11 20620
5 Applied decontaminant and 85 2.12 V]
wiped three times, 2.12 0
' 2.12 0
2.12 0
5 Decontaminated with commercial 85 2.10 0
- bleach. Applied and wiped 2.10 0
three times. 2.10 0
2.10 0
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Table 8. Chromatograph Response to Mustard
Amount . . Column Retention Peak
Surface applied Decontaminating condition temperature time area
ue °c min

Mild steel plate 2 Control. No decontaminant. 150 2.25 34820
(unpainted) 2.25 37000
2 Applied decontaminant; waited 150 2.25 1]
10 minutes; wiped; then swabbed 2.25 0

and wiped two times more.
2 Applied decontaminant; waited 150 2.25 0
5 minutes; wiped; then swabbed 2.25 0

and wiped two times more.
Mild steel plate 2 Control. No decontaminant. 150 2.26 6724
(painted) 2.25 7322
2.26 6616
2 Applied decontaminant; waited 150 225 0
10 minutes; wiped; then swabbed 2.25 0
and wiped two times more. - 2.25 0
2 Applied decontaminant; waited 150 2.25 0
5 minutes; wiped; then swabbed 2.25 0
and wiped two times more. 225 0
Stainless steel plate 1 Control. No decontaminant; 150 2.13 13860
S-minute exposure. 2.13 14120
1 Control. No decontaminant; 150 2.13 4513
10-minute exposure. 2.13 4847
1 Applied decontaminant. Wiped 150 224 1339
and rinsed immediately. 2.25 1309
2.24 1050
2.24 1357
1 Applied decontaminant; waited 150 -2.24 0
10 minutes; wiped and rinsed. 2.24 0
2.24 0
1 Applied decontaminant; waited 150 2.24 0
5 minutes; wiped and rinsed. 2.24 0
224 0
Standard 75 ppm HD/hexane 150 2.24 16620

direct injection.

Lead 2 Control. No decontaminant. 150 2.27 32100
2.25 33060
2.26 32930
2 Applied decontaminant; waited 150 2.25 0
15 minutes; wiped; then swabbed 2.25 0
and wiped two times more. 2.25 0
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Table &, (Continued)

Amount - - Column Rerention Pcak
Surface . Decontaminating condition . i
applied temperature time area
ue *C min
Lead (vontinued) 2 Applied decontaminant; waited 150 2.25 0
: 10 minutes; wiped; then swabbed 2.25 0
and wiped two times more. 225 0
2 Applied decontaminant; waited 150 2.25 0
5 minutes after initial 2.25 0
decontamination. 2.25 0
Polyurethane-coated 1 Control. No decontaminant. 150 2,19 16870
concrete 2.19 23280
{9924 A276) NOTE: Room temperature 60° to 70°F 2.19 25720
2.19 25610
1 Applied decontaminant, No 150 2.19 571
wait. Wiped and rinsed 2.19 513
immediately, 2.08 548
1 Applied decontaminant; waited 150 2.18 250
5 minutes; wiped and rinsed once. 2.18 208
2.18 199
1 Applied decontaminant; waited 150 2.18 0
10 minutes; wiped and rinsed once. 2.18 0
2.18 0
Polyurethane-coated 2 Control. No decontaminant. 150 224 47140
concrete 224 44180
(9924 A276) 2.25 43570
| 2.25 40690
2 Applied decontaminant; waited 150 2.25 322
5 minutes; wiped and rinsed once. 2.24 256
o o 2.25 190
NOTE: Room temperature 60° to 70°F 2.26 262
2 Applied decontaminant; waited 150 2.25 0
10 minutes; wiped and rinsed once. 225 0
2.25 0
2 Applied decontaminant; waited 150 2.25 0
7 minutes; wiped and rinsed once. 225 0
225 0
2 Decontamination with commercial 150 2.26 0
bleach. Applied and wiped three 2.26 0

times.
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IV.  CONCLUSIONS.

A decontaminating solution consisting of 30 volume parts of a 50% (w/w) aqueous
sodium hydroxide solution and 70 volume parts of methyl cellosolve meets the requirements
established for a decontaminating solution for use in the disassembly glove box. The recommended
procedure for using this decontaminating solution has been shown to be effective and consists of
wiping the agent from the surface with paper towels, swabbing the contaminated surface with the
decontaminant, waiting 5 minutes, wiping the decontaminant off with paper towels, and swabbing
and wiping the surface two more times with no waiting period between them.

To prevent a build-up of pressure, a solution of spent decontaminating solution must
be stored in an adequately vented container. Also, since the decontaminating solution is a
flammable material (open-cup flash point: 155°F), it must be stored in the proper containers and
under the appropriate conditions established for flammable materials (i.e., away from a source of

ignition).

While in storage, the decontaminating solution must be protected from carbon dioxide
in the air. The sodium hydroxide will react readily with the carbon dioxide to form sodium
carbonate. This will reduce the effectiveness of the decontaminating solution.

The M-8 detection paper can be used as the method by which complete
decontamination is determined if there are no false indications of agents from other chemicals
which may be present in the glove box. Also, only small batches (5 or 6 days" supply) of
decontaminating solution should be made at one time to insure the integrity of the solution in the
absence of an analytical method.
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APPENDIX A

PHYSICAL AND CHEMICAL COMPATIBILITY OF DECONTAMINANTS AND AGENTS

1. Aqueous Sodium Hydroxide.

This solution forms a heterogeneous (2 phase) system when combined with neat
mustard, 5% (v/v) mustard in chloroform, 5% {v/v) lewisite in chloroform, 10% (v/v) nitrogen
mustard in chloroform, or 50% (v/v) chloropicrin in chloroform. In the agent-chloroform mixtures,
the agent will in all cases be partitioned preferentially into the chloroform phase. The reaction of
sodium hydroxide with mustard, chloropicrin, or chloroform is very slow.

2. Alcoholic Sodium Hydroxide.

This decontaminant is miscible (homogeneous) with neat mustard, 5% (v/v) mustard in
chloroform, 5% (v/v) lewisite in chloroform, 10% (v/v) nitrogen mustard in chloroform. The
reaction with neat mustard is very slow (ti, =11 hours at 25°C). Similarly, nitrogen mustard is
expected to react slowly. The reaction of sodium hydroxide and chloroform is also slow at ambient
conditions with the evolution of carbon monoxide. Lewisite is known to react well with sodium
hydroxide whenever a surfactant such as hexadecyltrimethylammoniumbromide is used. Without
the surfactant, 460 ppm of lewisite was remaining in a mixture after 19 hours.* No information is
available on the decontamination of chloropicrin.

3. DS-2 Decontaminating Agent.

DS-2 consists of 2% (w/w) sodium hydroxide, 28% (w/w) methyl cellosolve, and 70%
(w/w) diethylenetriamine. DS-2 is miscible with neat mustard, 5% {v/v) mustard in chloroform,
5% (v/v) lewisite in chloroform, and 10% (v/v) nitrogen mustard in chloroform. Although neat
mustard and nitrogen mustard react rapidly with the sodium hydroxide in DS-2, the concentration
of sodium hydroxide is so low that a large ratio (50:1) of decontaminant to agent will be required.
Sodium chloride will be precipitated in the reaction. Lewisite can also be decontaminated with
DS-2. With a flash point of 148°F, DS-2 is considered flammable. No information is available on the
decontamination of chloropicrin.

4. DANC Solution.

DANC solution consists of 6.25% (w/v) RH-195 in acetylene tetrachloride. RH-195 is
1,3-dichloro-5,5-dimethylhydantoin and is an effective decontaminant for arsenicals if sufficient
time is allowed for it to react. Acetylene tetrachloride is probably one of the most toxic chlorinated
organic solvents known. It is about 10 times as toxic as carbon tetrachloride. Less than 20 drops
ingested can cause death. Sufficient DANC solution will react completely with mustard in
approximately 30 minutes. DANC will also decontaminate lewisite and nitrogen mustard, but no
specific rate data was found for these and no information was found for chloropicrin. Finally, the
DANC solution is considered highly corrosive.

*Rescigno, Nicholas J., and Duggan, Michael L. ARCSL-CR-77036. Demilitarization/Disposal of Obsolete
[dentification and Training Sets. p 72. August 1977,
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5. Supertropical Bleach (STB).

Supertropical bleach is actually calcium hypochlorite. As an aqueous slurry, STB is not
miscible with mustard, nitrogen mustard, or lewisite. The two-phase reaction between STB and
mustard results in a large release of heat and is very difficult to control. Dry STB and mustard react
violently. Chlorine is liberated in both types of reactions as well as in storage. Lewisite reacts with
dry STB with the liberation of chlorine. STB is also considered highly corrosive.

6. High-Test Hypochlorite (HTH).

High-test hypochlorite has the same characteristics as the supertropical bleach except
that it has approximately twice the quantity of available chlorine.

7. Monoethanolamine (MEA).

Monoethanolamine is miscible with mustard, lewisite, nitrogen mustard, and
chloropicrin. The reaction with neat mustard is slow (ti, = 5.35 hours at 25°C) in a 10:1 (v/v) ratio
of MEA to mustard. The reaction is much slower (ty, = 17.5 hours at 25°C) when the mustard is
combined with chloroform. The reaction of lewisite when in a chloroform solution occurs in two
steps. The first step (less than 1 second) removes the two chlorine atoms attached to the arsenic
atom. The second reaction, in which the third chlorine atom is removed and acetylene is generated,
is a slow reaction. The kinetic data on the secondary reaction is incomplete. The reaction with
nitrogen mustard is much faster than the other agents (ti;, = 35 minutes at 25°C). And chloropicrin
is relatively fast with a half life (ty) of 9.3 minutes at 34°C. Chloroform will react rapldly with
MEA at elevated temperatures.
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APPENDIX B

PROPOSED HANDLING AND USE OF DECONTAMINATING SOLUTION
FOR IDENTIFICATION SETS DEMILITARIZATION

This appendix to the basic report was requested by the project engineers for
demilitarization of identification (ID) sets to give definite information and guidelines toward
writing operating SOP’s, This appendix is essentially a statement of a concept of usage and may vary
from the scenario of actual use.

Concept of Usage. A concept of usage for the proposed sodium
hydroxide/methylcellosolve/water decontaminating solution is provided. Comments are also given
on mixing, activity verification, and safety. In addition, comments on the use, activity venﬁcanon,
and safety for household bleach (5 wt % to 5.25 wt % sodi:m hypochlorite) are given.

a. How to Mix Caustic DecontammatmLSolut:on

(l) The container to hold the dccontammating solution must be steel or
plastic as required to hold strong sodium hydroxide (aluminum, magnesium, and glass containers are
absolutely unacceptable).

(2) The solution should be made in small or moderate batches to be used
within 1 work week to insure effectiveness of the decontaminating properties. Any solution
remaining after 1 work week should be discarded. Seventy volume parts of methylcellosolve are to
be added to the container tank and 30 volume parts of 50% sodium hydroxide are added. The
mixture should be stirred several minutes until homogeneous. The heat of dilution generated will be
minimal and is expected to be of little or no consequence. It must be PROTECTED from the
CARBON DIOXIDE (CO3) in the air to maintain its effectiveness.

b. When and How to Use.

(1) Caustic/methylcellosolve/water decontamination. The decontamination
solution effectiveness is the result of two actions. It dissolves and physically removes the chemical
agent from the surfaces to be decontaminated and also chemically neutralizes the agent. After a
steel pig has been emptied, the flange face of the pig and the inside of the cover should be
decontaminated before the cover plate is reassembled onto the pig. The flange area and the outer
surface of the cover of the closed pig, including the bolts and nuts, should also be decontaminated
as described below.

(a) The decontaminating solution is to be applied generously to
thoroughly wet all potentially contaminated surfaces. The application of the decontaminant should
be repeated two or more times (a minimum of three generous applications). The gross excess of the
decontaminating solution should be allowed to drain off, with a residual coating remaining on the
pig. The residual layer will trap and neutralize toxic chemical vapors which could arise from
chemical agent trapped in cracks and crevices of the metal surfaces. This residual decontaminating
fayer will also be very corrosive to human skin; therefore, the decontaminated pigs must be handled
with rubber apron and gloves.
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(b) Used decontaminating solution should be collected in a drum that
should have a vent or a loose-fitting cover. The slow reaction of chloroform contained in ID sets and
the decontaminating solution will release gas and will cause an undesirable pressure build-up in 3
tightly closed container.

CAUTION: This solution is combustible and must not be used near flames or other sources of
ignition. It must be used only where adequate airflow is provided to prevent an explosive
accumulation of vapor. HANDLE the solution as if it were a strong SODIUM HYDROXIDE
(CAUSTIC).

(2) Bleach.

(a) Commercial household bleach (S5wt% to 5.25 wt% sodium
hypochlorite) in 1-gallon containers should be used to decontaminate concrete floor areas. It is not
envisioned that a large or massive spill should occur outside of the glove box. The contaminated
area of the spill should be covered with a generous layer of bleach. The bleach over the area will be
stirred with a broom or other utensil to aid in the complete decontamination. A generous layer of
bleach should be left on the area for a minimum of 1 hour,

(b) Bleach is corrosive to stainless steel and, if used on this metal, it
should be flushed down as soon as possible. Before using bleach, see paragraph d. (below) on safety.

c. Activity of Decontaminating Solution.

(1) Caustic/methylcellosolve/water decontamination. The color change
from light to dark is to be ignored. This solution must be protected from exposure to the
atmosphere to preclude pickup of water and carbon dioxide (CO4). The unused solution should be
discarded at the end of the working week. The solution should be discarded if the formation of a
soft gel hampers the ready application of the decontaminating solution. The sodium hydroxide
content should be not less than 12.0 wt/v %. The sodium hydroxide content may be determined by
the following procedure.

Determination of sodium hydroxide content.

Reagents

Hydrochloric acid 0.1 N standardized
Distilled water
Phenophthalein indicator 1% in ethanol

Pipet a 1.0-ml sample of the decontaminating solution into a 125-m! Erlenmeyer flask
containing 10 ml of water. Add 6 drops of phenolphthalein indicator and titrate with standardized
0.1 N hydrochloric acid to the colorless endpoint of phenolphthalein.

Calculation:

AX NX 40X 100
VX io00 - % NaOH




~here
A = ml standardized hydrochloric acid
N = normality of hydrochloric acid

V =ml of sample

(2) Bleach. The bleach solution is considered to have an adequate reactivity

if the sodium hypochlorite content is not less than 4.0% wt/wt. (Household bleach is normally
labeled 5% wt/wt to 5.25% wt/wt sodium hypochlorite.) The sodium hypochlorite (NaOCl) content
will be determined by the following procedure:

Determination of NaOCl content.

Reagents

Distilled water

Potassium iodide, ACS specifications

Concentrated sulfuric acid diluted 1 to 1 with distilled water
(Caution: Add acid slowly to water; solution gets very hot)
0.1 N sodium thiosulfate, standardized

Weigh a 1.0-gm sample to the nearest 0.1 mg in a tared glass ampoule. Place the
ampoule with weighed sample into a 500-ml iodine flask containing 50 ml of distilled water. Break
the ampoule with a glass rod, wash down the rod, and remove from the flask. Immediately add
10 ml of 1:1 sulfuric and 2 gm potassium iodide, swir! to mix, stopper, and seal the flask with water.
Allow the flask to sit in the dark 15 minutes. Remove the flask from the dark, remove the stopper,
and rinse. the stopper with water into the original flask. Titrate with standardized 0.1 N sodium
thiosulfate to the colorless endpoint.

Calculation:-

AX NX 74.5 x 100

WX 3x 1000 PNl

where

A = ml sodium thiosulfate
N = normality of sodium thiosulfate
W= weight of sample in grams

d. Safe Handling of Decontaminating Solutions.

(1) Bleach. Bleach (sodium hypochlorite 5.25 wt% aqueous solution,
household) is corrosive to the skin and eyes. Precautions must be taken when handling bleach to
areciude splashing on the skin and especially into the eyes. If bleach is splashed on the skin or
clothing, it must be removed immediately by flushing with water. If bleach is splashed into the eyes,
the eyes must be flushed with clean water and medical help obtained. Bleach is incompatible with
and must NOT be mixed with acid or ammonia due to the potential vigorous reaction and the toxic

fumes that are released.
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(2) Caustic/methylcellosolve decontamination. The caustic/methylcellosolve
decontamination solution is essentially a strong sodium hydroxide solution and must be respected
and handled accordingly. Sodium hydroxide (lye, caustic) is very corrosive to the skin and
especially to the eyes. Sodium hydroxide must be flushed from the skin or eyes with copious
amounts of water. Medicat help is absolutely required for caustic in the eyes. Rubber gloves, apron,
and a face shield are required when using the decontaminant solution outside of the glove box. In
addition to the corrosiveness of the caustic, this solution contains methylcellosolve which is
flammable. The decontaminating solution must NOT be used near flames or other sources of
ignition. It also must be used with an adequate airflow to prevent the accumulation of an explosive
vapor concentration.
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APPENDIX C

MATERIAL SAFETY DATA SHEET (Methyl Cellosolve)*

Data obtained from Union Carbide '‘Material Safety Data Sheet” for
methyl cellosolve and Union Carbide technical bulletin “Glycol Ethers.” |

CHEMICAL NAME: METHYL CELLOSOLVE

SYNONYMS:  2-Methoxyethanol; Ethylene Glycol Monomethy! Ether CHEMICAL FAMILY:  Giycol Ethers

FORMULA;  CH,OC,H,OH

MOLECULAR WEIGHT:  76.10

TRADE NAME AND SYNONYMS:

Methy! CELLOSOLVE

{. PHYSICAL DATA

BOILING POINT, 760 mmHg 124.5°C (256'.1°F) FREEZING POINT -85.1°C
SPECIFIC GRAVITY (H;0=1) 0.9663 at 20/20°C VAPOR PRESSURE AT 20°C 6 mmHg
SOLUBILITY
VAPOR DENSITY (alr= 1) 2.62 IN WATER, % by wi at 20°C Complete
PERCENT VOLATILES 100 EVAPORATION RATE 0.47
BY VOLUME (Butyl Acotate = 1) )
APPEARANCE AND ODOR Water-white liquid; mild and nonresidual odor
.Il. HAZARDOQUS INGREDIENTS
MATERIAL % TLY (Units)
2-Methoxyethanol ~100 25 ppm (Skin) ((Sgggn
(See Sections I through VIII)
il. FIRE ANGQ EXPLOSION HAZARD DATA
FLASH POINT . AUTOIGNITION .
(test method) 103°F, Tag closed cup TEMPERATURE $51°F
FLAMMABLE LIMITS IN AIR, % by volume LOWER 2.5 UPPER 19.8
EXTINGUISHING Use carbon dioxide or dry chemical for small fires. -
MEDIA Use alcohol foam or water for large fires. -
SPECIAL FIRE FIGHTING N ;
PROCEDURES one
UNUSUAL FIRE AND N -
EXPLOSION HAZARDS one
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IV. HEALTH HAZARD DATA

THRESHOLD LINIT VALUE 25 ppm — ACGIH (1975) and OSHA — CFR 29 § 1000 Table G 1
All glycol ethers have narcotic properties. Briel exposure to vapors will not be harmful. Miad
exposure will cause dizziness and moderate brritation to the eyes. nose, and throat. Removal
to fresh alr results in quick relief from this initation. Prolonged and repeated exposure to high
concentrations will cause drowsiness progresting to dizziness, nausea, vomiting, and loss of
consclousness. If a dose is large encugh or sdministered over a long pericd of time, injury to
the kidneys and the liver may result. While systemic injury has been demonstrated in
experimental animals, it has not yet been reported as occurring In humans working with
glycol ether.
Methyl cellosolve (s reported to have caused human systemic fiiness. Where methyl celiosolve

EFFECTS OF OVEREXPOSURE was heated to provide high concentrations, several workers became il after many weeks of
exposure. The Miness consisted of personality changes, mental dullness, anemla, continuous
drowsiness, loss of appetite, weakness, and weight loss. Racovery occurred several months
sfter exposure was terminated. In another group, the symptoms were much the mame, bu'
instead of mental dullness the employees were semi-maniacal and were finst thought to have 2
mental liness. Again, recovery occurred in several months followlng removal from exposure.
Tn all situations where human diness occurred, heat had been applied to increase the volatility
of methyl cellosolve. No cases of illness have been reported from uses where the sclvent was
not heated.
Like all solvent materials, prolonged or repeated skin contact will remove siin waxes and ci's.
Recovery from this irdeation is prompt after the excessive contact Is terminsted.

EMERGENCY AND FIRST Flush skin and eye contact with water. If inhaled, remove to fresh alr. If not bieathing, glv»

AID PROCEDURES ' artifictal respiration. Give oxygen if breathing i difflcult. Call a physician.

V. REACTIVITY DATA
STABILITY
UNSTABLE | STABLE s None
- v

INCOMPATIBILITY None

(materials to avoid)

HAZARDOUS .

DECOMPOSITION PRODUCTS Thermal decomposition of buming may produce carbon monoxide and/or carbon dioxide.

HAZARDOUS POLYMERI-

ZATION

CONDITIONS N

May Occur | Wil not Oceur TO AYOID one

- v
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V1. SPILL OR LEAK PROCEDURES

m&nzﬁﬁmsm Small spills should be flushed with large quantities of water.
OR SPILLED Larges splils should be collected for dlsposal.
WASTE DISPOSAL METHOD Incinerate in s furnace where permitted under appropriate Federal, State, and local
. regulations.
VIl SPECIAL PROTECTION INFORMATION
IR(A;?; th!:(eJ)TE CTION Supplied-air respirstor for high concentrations.

LOCAL EXHAUST | Preferable SPECIAL -
VENTILATION

MECHANICAL

(sgeneral) Acceptable OTHER -
EYE

PROTECTIVE GLOVES Plastic gloves PROTECTION Safety goggles
OTHER TECTIVE
EQUIPMII’EI;EI)' Safety thower and eye bath

VIll, SPECIAL PRECAUTIONS

PRECAUTIONARY LABELING

METHYL CELLOSOLVE ®
Ethylens Glycol Moromathyl Ether

WARNINGL HARMFUL IF INHALED
COMBUSTIBLE
Avoid breathing vapor,
Keep wwey from heat and open flamae.
Keep container olosad.
Use with adequate ventilation.
FIRST AID:  1f Inhuled, removs to fresh ale. 1f not hreathing, glve arciticlal resplrstion.
1 braathing is difficult, give oxygen. Call a physician.

FOR INDUSTRY USE ONLY

OTHER HANDLING AND
STORAGE CONDITIONS

Store glycol ethers in carbon steel for most applications. Where trace iron contamination or
slight discoloration sre critical, consider lined steel or stainless steel tanks.

Methyl cellosalve should not be stored or handled in aluminum. Copper alloys cause
discoloration of the glycol ethers in the presence of air or dissolved oxygen.

Most glycol ethers do not present a significant flammability hazard at normal storage. They
have relatively low vapor pressures. The most volatile are PROPASOL Solvent M and methyl
cellosolve, which have flush points of 91* and 103°F, respectively. Glycol ethert are not
particularly hygroscopic. Tanks storing them can often be vented directly to the atmosphere.

Methyl cellosolve has & relatively low viscosity and low freezing point. Heated storage is not
required. Piping can be made of the same material at that of the storage tank. Reinforced
plastic piping may be sujtable and is worthy of consderation If iron contamination or slight
discoloration are critical. A centrifugal pump is suitable for transfer service. Butyl rubber and
asbostos can be used for gaskets and packing.
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AXNEX B (DESCRIPTION OF AGENTS) TO
OPLAN FOR RANGE CLEARANCE
OF DPG HAZARDOUS AREAS

I.  PURPOSE:

To provide an accurate, concise source of information on the
characteristics, hazards and symptoms from exposure to agents that
were tested and or disposed of at DPG.

I1. AGENT DESCRIPTION:

A. Agent GB and GA:

1. Description: GB 1s a volatile rapid-acting, lethal nerve
agent. When dispersed as large droplets, GB is moderately persistent;
when disseminated as an aerosol, it is non-persistent.

2. Hazard: Primary entry into the human body is by vapor ab-
sorption through the respiratory tract, although absorption through skin,
eyes and ingestion are also 1ikely. The action of the agent, once entry

into the body is gained, is through the inactivation of cholinesterase
enzyme.

3. Symptoms of exposure:

a. Initial symptoms and mild exposure: Pinpointing of eye
pupils {(myosis) and dimness of vision (both of which may be absent in
cases of skin absorption), running nose, tightness of chest and dif-
ficulty in breathing are early symptoms of vapor contamination. Early

symptoms of exposure py skin contact may be localized sweating and
muscular twitching.

b. Later symptoms of severe exposure: ilausea and possible
vomiting, cramps, involuntary defecation and/or urination, headache,
drowsiness, coma, convulsions and cessation of breathing.

4. Physical properties of GB:

a, Chomical name: Isopropyl methyl phosphonofluoridate

b. Chemical formula: CH3 (FPO) OC5 H, -

c. Molecular weight: 140.00

d. Vapor density {(air = 1.00): 4.86
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e. Liquid density at 779 F: 11,0998 gm/cc
f. Freezing point: -69° F
g. Boiling point: 297° F
h. Vapor pressure at 77° F: 2.2 mm Hg
i. Color: clear to straw to amber
J. 0Odor: none

5. Physical properties of GA:
a. Chemical name: Dimethylamino ethorxy-cyanophrosphite oxide
b. Chemical formula: CH4 CN

N-P-0-CsH
CHj 0
¢c. Molecular weight: 163.3
d. Vapor density: 5,63
e. Liquid density: 1.073 825 ¢
f. Freezing point: -49° to 500 ¢
g. Boiling point: 246o C
h. Vapor pressure: 0.070 rm Hg 825° ¢
1. Color: colorless to brownish liquid
J. Odor: faintly fruity; none when pure
B. Agent VX:

1. Description: VX is a rapid acting, lethal nerve agent.
Tne compound is slow to evaporate and is classed as a persistent agent.

2. Hazard: Entry of VX fnto the body is primarily through
skin absorption, although injestion and inhalation of vapor are also pos-
ible. The action of VX in the body is by the inactivation of cholinesterase
anzyme.,
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) 3. Symptoms of exposure: Same as GB and GA (see section
I1.A.3).

4. Physical propertfes:

a. Chemical name: O-ethyl S-(2-diisoproplaminoethyl)
methyl-phosphonothiocate.

b. Chemical formula: CHBP(O) (0C2H5) SC2H4N(C3H7)2
c. Molecular weight: 267.38
d. Liquid density at 25° C: 1.008 g/cm’
e. Vapor pressure at 200 C: 0.00066mm Hg
f. Freezing point: Below -59.8° F
g. Botling point: 572° F
h. Color: clear to straw
i. Odor: none
j. Flash point: 318.2° F
k. Volatility: 9.7 mg/m3 at 68° F
C. Mustard:

1. Description: Mustards are best described as persistent
blister agents. There are three types of mustard currently in munitions:

a. H which is the symbol for mustard prepared by the
Levinstein process. This agent contains approximately 25 percent im-
purities by weight, chiefly sulfur, organo-sulfur-chlorides and poly-
sulfides.

N B AR S A . .+ washina and vacuum
distiilation.

¢. HT is a mixture of 60 percent HD and 40 percent bis-
beta-chlorethyl thioethyl ether, sc C,HaSCoH,)20. The latter is added
to Tower rthe freezing point to 32 }.

2. Hazard: Mustard is a persistent and powerful blister agent.
Both liquid and vapor cause intense inflammation, which may blister the
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skin or mucous membrane they touch. HT is less volatile than HD and
H has little vapor hazard.

3. Symptoms: The first symptoms of mustard poisoning usually
appear within four to six hours. The higher the concentration, the
shorter the interval of time between the exposure and the first symptoms.
Exposure results in conjunctivitis {(inflammation of the eyes); erthema
(redness of the skin) which may be followed by blistering or ulceration;
and inflammation of the nose, throat, trachea, bronchi, and lung tissue.

4, Physical properties:
a. Chemical name: 2.2'-dichlorodiethylsulfide
b. Chemical Formula: (C]CHZCHZJZS

H HD
c¢. Molecular weight: 175.00 159.08
d. Vapor density (air=1.0): 5.4 5.4
e. Liquid density at 68° ¢ 1.7 gm/cc 1.27 gm/cc
f. Freezing point: 41° - 570 F 58° F
g. Boiling point: 437.7° F 442.4° F
h. Vapor pressure at 68° C: 0.059mm Hg 0.072mm Hg
i. Specific gravity 70-75 percent 94-96 percent
j. Color amber amber
v. Odor garlic garlic

5. Physical properties:
a. citemicai aonz: 2.2'-cichlorodiethylsulfide
b. Chemical formula: (C1CHZCH2)ZS _ HY
c. Molecular weight:
d. Vapor density (air = 1.0): 5.4
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e. Liquid density at 68° F intermediate
f. Freezing point: 32° F

g. Boiling point:

h. Vapor pressure at 68° F .079 mm Hg
i. Specific gravity 60 percent
j. Color amber

k. Odor garlic

D. Agent CG (Phosgene)

1. Description: CG is normally a chemical agent with a short
duration of effectiveness. The action of the agent is normally delayed,
however, exposure to high concentrations may produce immediate effects.
CG is a choking agent and the target is the lungs via inhalation.

2. Hazard: Choking agents injure unprotected man chiefly
in the respiratory tract, ie, the nose, throat and particularly the
lungs. In extreme cases., membranes swell, lungs become filled with
1iquid and death results from lack of oxygen.

3. Symptoms of exposure:

Phosgene exerts its effects solely on the lungs, and re-
sults in damage to the capillaries. It causes seepage of fluid into
the air sacs. When a lethal amount of CG is received, the air sacs be-
come so flooded that air is excluded and the victim dies of anoxia
(oxygen deficiency). If the amount of CG is less than lethal, and
proper care is provided, the watery fluid is reabsorbed, the air cell
walls heal, and the patient recoveres. The severity of poisoning cannot
be estimated from the irmediate symptoms, since the full effect is not
usually apparent until three or four hours after exposure. Most deaths
occur within 24 hours.

4. Physical properties:

a. Chemical name: Carbonyl Chloride (also Chleroformi
chloride)

b. Chemical formula: COC'I2
c. Molecular weight: 98.92

B-5



THIS DOCUMENT IS UNCLASSIFIED - JCP-, DPG -

d. Vapor density: 4.4
e. Liquid density: 1.42,0%
f. Freezing point: -104 to 128° C
g. Boiling point: 7.56° ¢
h. Vapor pressure: 1,173mm Hg, 20° ¢
i. Volatility: 6.4 x 106 mg/m> at 20° ¢
j. Decomposition temperature: 800° C
k. Odor: new-mown hay or grass; green corn
E. Agents AC (hydrogen cyanide) and CK {cyanogen chloride)

1. Description: AC & CK are rapid acting lethal blood agents.
These agents are highly volatile and are non-persistent agents. CK has
the additional characteristics above AC as follows:

a. It has a choking effect
b. It has a strong irritating effect
c¢. Causes a slow breathing rate

2. Hazard: Blood agents are absorbed into the body primarily
by breathing. They affect body run.cions througn actions on iic 2pzymes
cytochrome-oxidase, thus preventing the normal transfer of oxygen from
the blood to the body tissues.

3. Symptoms of exposure: Affects the body by causing a
marked stimulation of the breathing rate. CK has the opposite effect.
Wearing of the protective mask provides adequate protection. In working
with CK, care must be taken to periodically check the cannister because
the cyanogen chloride will brez! Anwn the cannister.

4. Physical properties:

a. Chemical name: Hydrogen cyanide
b. Chemical formula: HCN

¢. Fkoiecular weight:
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d. Vapor density: 0.93

e. Liquid density; 0.697 @10° C

]
f. Freezing point: -14 ¢

g. Boiling point: 26° ¢

h. Vapor pressure: 757mm Hg @26° (I

i. Volatility: 37,000 mg/m3 e-40° ¢, 1,075,000 mg/m3 @250C

J. Decomposition temperature: above 65.5% ¢

k. 0Odor: similar to peach kernats

Physical properties of CK:

a. Chemical

b. Chemical

name: Cyanogen Chlortde

formula: CNCI

c. Molecular weight: 61.48

d. Vapor density: 2.1

tiquid density: 1.18, 20° C

f. Freezing point: -7 to -5° ¢

0
g. Boiling point: 13 C

h. Vapor pressure: 1,010mm Hg at 20° C

i. Volatility: 6.1 x 100 mg/mS at 250 ¢

j. Decomposition temperature: above 100° C

k. Odor: Maskea Ly its yroac ivritaciig anu lacrimatory

F. Agent WP {White Phosphorus)

Descrption:

White phosphorus may be considered a screening

smoke and an incendiary agent. It may be used for obscuration or target

destruction.
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2. Hazard: The primary hazard of WP to personnel is
burning. Such burning heal very slowly. In enclosed spaces, WP may
consume the oxygen thus smothering personnel inside. Vapors of WP
are poisonous, producing bone decay.

3. Physical properties:

Chemical name: #White or yeilow phosphorus
Formula: Py

Molecular weight: 124.11

Density of solid: 1.83 @ 20° C

Freezing point: 4 ¢

Bofling point: 290° ¢

Odor: 1ike matches.
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EXECUTIVE SUMMARY

Maryland recently enacted regulations that listed decontaminated
residues of certain chemical warlare agents as hazardous wastes. Delisting
would be considered by the State were the Army to document the efficacy of its
decontamination procedures.

Army specialists at Edgewood, MD (Chemical Research, Development &
Engineering Center - CRDEC) have had exhaustive experience in this area
since 1918 when chemical agents were first used in combat in World War |.
Competence accrued during this seventy-year legacy includes destruction ot
laboratory and training wastes, combat decontamination, and large-scale
demilitarization of unserviceable and obsolete agent-filled munitions. The facts
and circumstances enumerated in this document indicate that current
decontamination practices are safe, scientifically valid, and result in the totai
destruction of agents in question.

Several basic issues were addressed;

a. Do theoreticat chemical calcutations support claims that agents plus
decontaminants yield products that no longer contain agents? They do.
Reaction energies, reactian kinetics, chemical equilibrium, laws of
thermodynamics, and other mathematical considerations indicate that A + B do
indeed equal C + D.

b. Are oider decontamination procedures, which used different reagents,
equivalent to today's protocols and reagents? |n most cases, yes. For example,
when using sodium hydroxide or sodium carbonate, the reactive
decontaminating motety in both cases is the hydroxyl ion (“OH).

¢. Do analytical resuits and loxicological data substantiate complete
destruction of chemical agents when decontaminated? Yes. Extensive
information accrued since 1918 provides incontrovertible scientific evidence of
decontamination efficacy.
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PREFACE

The work described in this report was authorized under Project No.
1L162706A553F, Decontamination and Contamination Avoidance. This work
was staned in December 1987 and completed in February 1988,

The use of trade names or manutacturers' names in this report does not
constitute an official endorsement of any commercial products. This report may
not be cited for purposes of advenlisement.
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with permission of the Commander, U.S. Army Chemical Research,
Development and Engineering Center, ATTN: SMCCR-SPS-T, Aberdeen
Proving Ground, Maryland 21010-5423. However, the Defense Technical
Information Center and the National Technical Information Service ara
authorized to reproduce the document for U.S. Government purposes.
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SUPPORT FOR THE DELISTING OF DECONTAMINATED LIQUID
CHEMICAL SURETY MATERIALS AS LISTED HAZARDOUS WASTE
FROM SPECIFIC SOURCES (STATE) MD02 IN COMAR
10.51.02.16-1

1.0 INTRODUCTION
1.1 REGULATORY BACKGROUND

In January 1986 the State of Maryland enacted regulations that identified
certain chemical warfare agents {aiso known as chemical surety materials -
CSM) as hazardous wastes. Included were nine listed waste solutions
identified in the reguiation as the following: Industry, Military; EPA Hazardous
Waste Number K391-K3399. According to the State, these decontaminated
residues were included to make it clear that treated wastes were of concern.

Personnet from the U.S. Army Chemical Research, Development and
Engineering Center (CRDEC) noted that decontamination procedures conven
the chemical agents in question to non-surety products, and requested
guidance in addressing this issue.

The State offered that it CRDEC personnel document that
decontaminated residues contain no detectable levels of CSM, this information
could be used as a basis to consider delisting the waste residues. Specifically,
the State asked that CRDEC:

a. Provide a detailed description of actual decontamination processes
tncluding a step-by-step outline of each procedura, identification of the
decontaminating agent used on each agent, the theoretical chemical reaction,
the concentration of decontaminant used, amount of time each reaction is
allowed to proceed, plus any parameters that influence the degree to which a
reaclion goes to completion.

b. Describe procedures which assure that solutions used to perform
toxicological tests are equivalent to solutions which result from the actual
decontamination procedures.

c. Describe the protocol for toxicological testing in order to determine
whether it follows generally accepted practicas.

This document has been prepared by CRDEC for raview by State of
Maryland and other reguiatory officials to assure that current standard
decontamination procedures: result in wastes which can be excluded from
regulations as hazardous.

1.2 INSTITUTIONAL HISTORY
The agency now known as CRDEC has been located on Gunpowder
Neck peninsufa in Harford County, Maryland since 1918 when the land was

bought by the War Department. The impetus for this purchase was the
unprecedented and devastaling use of chemical wariare agents during World
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War | (Allied torces suffered more than one-third of their casualties as a result of
chemicals). The basic mission--defense against chemical and biological
agents, and providing a chemical retaliatory capabiiity--has remained

~unchanged for more than saventy years.

CRDEC is unique among military entities: it is one of the very few that
has Joint Service responsibilities. In other words, it exacutes its mission on
behalf ot the Army, Navy, Air Force, and Marines. All U.S. fighting forces thus
depend entirely on CRDEC to provide the decisive edge in combat on a
contaminated battlefield. Major support includes: gas masks and filters for
armored vehicles and buildings; protective clothing; decontamination
formulations and devices; methods to avoid contamination such as self-
decontaminating coatings and surtaces; detectors and alarms; and retaliatory
chemical munitions should deterrence fail.

Therelore, CRDEC scientists, enginaers, and technicians have dealt
continuously and for more than seventy years with all aspects of chemical
agents and munitions, have accrued a record of laboratory safety, and have
become uncontested lsaders in innovative research and developmant as well
as proper decontamination of chemical surety materials in the Western World.

This legacy, reflected in bibliographical citations, reachas back to 1918 -
8.g., "The Cleaning of Objects Contaminated with Yperite [Mustard]", Chemical
Wartare Service Report No. Z2-197, May 1918, Washington, D.C., and "Solubility
and Rate of Hydrolysis of Mustard Gas in Water”, R. E. Wilson, et a/., Journal of
the American Chemical Society 1922, 44, 2867. The point is that CRDEC
scientists and enginears are free-world experts in decontaminating chemical
warfare agents.

Extensive decontamination experience and comprehensive data bases
have underwritten huge demilitarization projects in the past inciuding GB-filled
M55 rockets, and M139 and £133 bomblets at Tooele Army Depot, Utah. In all
cases, decontamination and disposal projects for agent-lilled munitions were
executed safety, without untoward incident, and in total compliance with every
prevailing environmental and human safety requirements and concern. These
and other facts enumerated in detail in this document provide ample evidence
that current decontamination protocols and procedures are sale, scientific, and
result in the total destruction of chemical agents.

1.3 BASIC ORGANIZATION OF THE DOCUMENT

To be responsive to the Slate's requests, this manuscript has been
organized into the foilcwirg gereral areas:

(1)} The theoretical chemistry basis for asserting that agent plus
decontaminant yields less-hazardous products. Included in this section are
discussions of the agents listed, decontamination operationa! definitions (i.e.,
how clean is clean?), decontamination procedures, theoretical reaction
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mechanisms and kinetics involved, and theoretical bases for analyzing reaction
products.

(2) The issue of equivalence in chemical-agent decon. Fer example, if
an older, standard decontamination procedure was based on using sodium
carbonate and the modern version prescribes sodium hydroxide, one might
conclude that there is no scientific basis upon which to compare resuits. On the
contrary, the active decon moiety in both casas is the hydroxyl ion (*CH), and
the agent being decontaminated reacts exactly the same.

(3) Archival data. Since 1918, information has accrued about decon
efficiancy from sources as varied in scope and complexity as sophisticated
laboratory experiments, combat operations, training exercises, fieid trials, and
wholesale destruction of unserviceable munitions. The data used here are in
two forms, analytical and toxicological, and provide a comprehensive
foundation upon which to structure conclusions of efficacy.

(4) Analytical methods. A raview of methods utilized to determine the
concentration of active material before and after the decontamination process.
Included are the most recent literature from both CRDEC and other agencies
involved in Decontamination methodology.
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2.0 Decontamination

2.1 Agents (State of Maryland Listing)

2.2 Decontamination Operational Deflnitions
(How Clean Is Clean - Theoretical)

2.3 Theory of DECON Procedures
2.3.1 Introduction
2.3.2 Thermodynamics of DECON Procedures
2.3.3 Kinetics of DECON Procedures
2.3.4 Products of DECON Procedures

2.1  Agents (State of Maryland Listing)

CH o
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2.2 Decontamination Oparationat Definitions

Over the years, several ravisws have been published concerning
chamical warfare (CW) agent decontamination. These reviews have generalily
focused on fielded and/or experimantal systems which have been used to
detoxify agents. But, what is decontamination? The answer, like that to the
question "What is clean?", is not simple or direct. In field expedient decon, the
procedure may be anything which delays the toxic effects of an agent, to a level
below which the problem may be ignored. The purpose of such a decon action
is to raduce the need for wearing maximum individual protective gear and/or 10
reduce the likelihood of exposure to agent. Deliberate decon, in contrast, is
administered under controlled conditions and has at its basis removal from the
environment of the maximum amount of the toxic material - - in the best case not
only below toxic levels but below all detectabie concentrations. Its goal is to
remove all contamination so that equipment may be returned to service or sent
to a maintenance facility without prasenting a hazard to unprotected parsennel.

Decontamination by purely physical processas is thus undesirable as it
does not solve the problem, but only moves it to a different location. Use of a
chemically reactive system which can conven the CW agents o non-toxic
materials remains the most viable approach. Onca it has been decided to
chemically react, and thus destroy, an agent, questions immediately arise
concerning the level of chemical destruction and kinetics and products
produced. In deliberate decon a minimum requiremant is that 10 half-lives of
destruction to less-toxic products must be obtained during 10 minutes at room
temperaturg. Starting with this minimurn requiremant, the chamistry described
below is aimed at increasing the speed of dastruction and the control of the
products 1o the lowest possible level to ensure no toxic exposure after
decontamination. This usually means that decontamination is not considered
complete unless greater that 99.9% destruction {o less-toxic products is
certified.

2.3 Theory of DECON Procedures
2.3.1 Introduction

Chemical equations depict reactions betwaen molecules. They
conventionally are written to show initial reactants and final products; i.e., A + B
- C+D.

But this is the most elementary sort of scientific stenography, for
confounding arrays of conditions and factors exist within the molecular milieu,
however, simplistically transcribed.

For molecules to react, panicles (e.g., agent and decontaminant) must
collide, and thesae coilisions must result in interactions between particles. The
Laws of Thermodynamics decree that reactions proceed from higher to lower
gnargy states. Factcrs that influence the rate of a chemical reaction include the
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nature of reactants, amount of contact area, concentration of reactants,
temperature and, in some cases, presence of a catalyst.

Other factors are involved in determining the degree of completeness of
chemical reactions. !n many instances, time 1s of obvious importance. Some
reactions achievae an equilibrium state in which A + B and C + D are present in
discrete concentrations. If, for example, compound "B" is a chemical warfara
agent and a state of equilibrium has been reached whereby soma "B" remains,
the conversion of "B can be driven to completion by adding an excess of
reactant "A" {or, conversely, by removing some of the products "C" and "D").
This etlect of concentration on chemical equilibrium was succinctly summarized
by Henri Le Chételier (1888). "Any change in one of the vanables that
determines the state of a system in equilibium causes a shift in the position of
equilibrium in a direction that tends to counteract the change in the variable
under consideration.” In the same way, tha rate of many slow decon reactions
can be accelerated by adding excess concentrations of decontaminant.

Phase separations (e.g., physically resembling oil on water) can cause
reaction rates to be painfully slow because agent and decon molecules react
only at the interface. Effective mixing is normally employed to soive this
problem.

Other tactors (such as pH or side reactions) can also influance the
ultimate objective of any decontamination exercise: that is, the complete
destruction of a chemical agent.

In the following sections of this documant, the theoretical basis for each
decontamination reaction is elucidated.

The theoretical treatment comprises three basic approaches:

a. Thermodynamics (2.3.2). The reactions described should work
because all are going "downhill* from higher to lower energy states.

b. Kinetics (2.3.3). Rate constants, half-lives, and other mathematical
expressions are employed to calculate how fast decon reactions proceed.

¢. Product analysis (2.3.4). In this "materials balance® section,
predictions of chemical structures and amounts ot products are calculated
based on the assumption that 100 percent of the chemical agent is convented to
products.

2.3.2 Thermodynamics of DECON Procedures

In the reaction between an agent and a decon solution, several
possibilities must be considered. Using the base hydrolysis of GB as an
exampie, three plausible events may occur to affect the net amount of GB in the
Decon solution:
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1. The neutralization reaction may proceed, raducing tha GB concentratian.

2. Sodium isopropyl methylphosphonate may be reconveried to GB
(reformation of agent).

3. GB may evaporate from the reaction mixture and be vented into the
anvironment.

We first consider possibilities 1 and 2 together. The reaction of GB with
hydroxide, shown below:

CHy 0 H0 CHy O
H‘)—O—T—F + NaOH —= ”+o—7—on- + NaF + H,0
CH, CHs CHy CH,

is highly exothermic, with a free energy of about -30 kcal/mole. The heat
generated by this reaction is such that pracautions must be taken to pravent
overheating of the reaction vessaei in bulk decon procedures. The rate of this
reaction increases with increasing temperature and pH. Since the reaction
mixture and the neutralized brine contain an excess of base (NaOH or
NazxCO3), any evaporation of water from the brine will increase the pH of the
solution and hance speed the raaction. Thus the equilibium constant of the
reaction can be caiculated trom the iree enargy of the reaction:

AG = -2.303 RT log Keq

where R is the gas constant, AG the free energy, T the absolute temperature
and Kaq the equilibrium constant. In the decon reaction the temperature is
generally close to room temperature (25°C, 298 K), so:

-30,000 cal/mole = -2.303 x 1.987 cal/molg-°K x 298 K x log Keq,

or log Keq = 21.9. Thus in theory the conversion of GB to sodium isopropyl
methylphosphonate should be nearly completa.

Epstein, et al. (1977) dJiscussed the possibility of raconversion of sodium
isopropyl methylphesphonate fo GB in the prasance of HF or other acids in the
vapor above the sait solution. Two requirements for this reaction are an acidic
environment and an abserce of water {0 shift the equilibrium of the reaction to
formation of GB (neither condilion exists in the normai iiquid decon procedures).
However, even if this reaction does in fact occur, the “new” GB wouid have two
fates: reaction in the basic salt solution, or venting into the atmosphere. The
first possibility is the inittal reaction discussed above and reformation in solution
would again subject GB 1o reaction with NaOH.
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Considering the second possibility, the temperature of the decon solution is
25°C, much lower than the boiling point of GB (148°C). From the heat of
vaporization of GB, we may calculate the change in its vapor pressure as a
function of temperature by applying the Clausius-Clapeyron equation:

p - poe (-aHvap/RT)

where p is the vapor pressure, po is a constant, and AHvap is the heat of

vaporization, presumed constant over temperature. Using AHvap = 11.9
kcal/mole the vapor pressure of GB is 2.2 mmHg at 25°C (298 K).

At room temperature, considering the vapor prassure and the equilibrium
constant calculated abave, it is unlikely that vaporizatian would occur. Neither
reformation of “new" GB nor vapor buildup appear to pose a hazard. GB was
used in this example because of 1he listed agents it is the most volatile and
would be the most likely to vaporize from the reaction media, if that ware of
concern.

Another example of thermodynamics is illustrative. The recommended
procedure for decontamination of VX is reaction with alkaline hypochlorite
{usually HTH, calcium hypochlorite). Compounds isclated and/or identified
from reactions of VX and bleach solutions are calcium suifate,
diisopropylamine, and ethylmethylphosphonic acid. Based on these
observations, the equation for the reaction of VX with alkaline hypochlorite
solutions is:

=]
o P +9001 MO i s P
" -PaO" 5H,0
Elo-P—s"\/N: —» EO-P-0 o v SHy
(|',‘H., Pr . 7-°0H CHy
VX +901° +S0," +260;°

With HTH, the anions precipitate as the calicium salts.

The heats of reaction, according to the equation above, can be
calculated from bond energies, heats of formation and heats of neutralization 1o
be 685 kcal/mole {Epstein, 1973). Laboratory determination {small scale - very
dilute solutions) of this reaction gave 471 £ 3 kcal/mola. Larger scale reactions
(similar to actual bulk decon procedures) gave a value of 675 £ 13 kcal/mole, a
figure close to the theoretical value from bond energies. f any of the threa
values, one fram calculation and the other two from experimental data, are
substituted into the equation used to calculate the equilibrium constant (see GB
discussion above) tne conclusion is that tremaendous energy is released in this
oxidative destruction of VX and the equilibrium lies dramatically toward
products under the conditions of the decon reaction.

Thus the calculations above suggest that the equilibrium constants for
the reaction of GB with caustic (hydrolysis) and VX with hypochliorite (oxidation)
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should favor the hydrolysis product by a very large margin and that reformation
of "new" agent from the reaction products is negligible under standard decon
conditions. Similar energetics exist for all the listed agents.

2.3.3 Kinetics of DECON Proceduras

The fact that the driving force for a reaction is large (AG is a large
negative quantity) does not mean that the reaction will necessarily occur under
any given conditions. An example related to combustion is the mixture of
hydrogen and oxygen at room temperature. For the reaction,

Hz + 1/202 = H30

the free anergy is -54.64 kcal/mole. Despite the large negative free energy
term, the reaction mixture may be kept safely for decades without detectable
reaction. However, a pinch of platinum-sponge (catalyst) causes the mixture to
react violently {i.e., explode). The necessary atffinity for reaction cenainly exists
in this system (thermodynamics), but the rate of attainment of equilibrium
(chemical kinetics) depends on different factors.

Numerous other examples of this situation exist. Magnesium and
aluminum oxidize with a very large free anargy change (in excess of 100
kcal/molae). At room temperature the small film of oxide which forms on these
matals makes further reaction extremely siow (thus allowing the use of these
metals in structural environmants). Tha equilibrium condition is never reached
in our lifatime - - the usual time frame of importance. Incendiary bombs and the
thermite reaction, on the other hand, are raminders that a large free enargy in
this reaction is a valid measure of the enormous affinity of the reactants 1o
transform themselves to products.

Knowledge of the rapidity at which a reaction attains equilibrium is thus
separalad from the energetics of the overall reaction.

Dacomposition of agent (again, for example GA) in aqueous or largely
aqueous media should follow a rate law of the form:

rate = knyg{GA] + kon[OH-J[GA] + kcaT{CAT][GA]
= {knyd + koH[OH'] + kcaT[CAT]} (GA] (1)

where the knyg[GA] represents the hydroxide-independent "background”
reaction, the kor{OH-][GA] represents the second order reaction between -OH
and GA, and the XcAT(CAT)[GA] term is the rate enhancement resulting from the
addition of catalyst to the systam.

Hydrolysis reactions ara usually run where both water and hydroxide are
in large excess. Under these conditions the first two terms of equation (1) (knyg
+ kon{OH]) are constant. If when catalyst is also in large excess over substrale
(([CATI>>[GA]) (crif catalyst is not consumed in the reaction), then the third term
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is also essentially constant. Under these conditions equation (1) reduces to a
description of an expaerimentally first-ordar process:

rate = Kops(GA] {2)
where
Kobs = Khyd + KOH[OH-] + kcaT[CAT] (3)

Since in this example the system is restricted to hydroxide (no catalyst added),
the term kcaT[CAT] reduces to 0 and the coverall observed rate may be
exprassed as:

kobs = Khyd + kor["OH) (4}

Equation {4) forms the basis of the kinetic analysis, Experimental data are
plotted as Kops vS. {OH]. Experimental plots of agent hydrolysis are consistent
with the linear relation predicted by equation (4). A linear least-squares routine
is used t0 determine the statistically most vaiid slops (kow) and intercept (kayd.
no added hydroxide) for each experiment to determine the best data set.
Computer analysis on each data set is than performed to compare the
experimental data with a theoretical analysis based on assumption of a first
order kinetic process. If the experimenial values lie on the curve predicted by
the assumed first order fit, then this is strong indication that the process is
indeed acting as a first order kinatic process. Such experimental data are
usually collected for five or more hall-lives (i.8., >36% reaction) to ensure good
statistical analysis.

What is the value of this type of analysis? First, in the description of a
kinetically first order process, the half-lite of reaction (t4s3) is indepandent of the
concentration of agent, and is expressed as follows:

112 = (In 2)/Kohs

Thus a measured half-life at high agent concentrations (experimentally easy 10
measure) is valid for agent destruction when the concentration of agent is low
(experimantally difficult to measure). In a first-order reaction, it takes just as
long to reduce the reactant concentration from 0.1 mole per liter to 0.05 mole
per litar as to reduce it from 10 moles per liter to 5 moles par liter.

A graphic example of the pradictive power of tha first order kinetic
condition is shown in the following table. We assume, in this example, an
*agent” whose molecular weight is 100, and where we start to decen a solution
of 100 g agent/L in excess aqueous hydroxide:

Page 2-7



Initial Quantity (g) Half-Lives Quantity Remaining (g) % Destroyed
100 0 100 0

100 1 50 50

50 2 25 75

25 3 12.5 87.5

12.5 4 6.25 93.75
6.25 5 3.125 96.875
3.125 6 1.5625 98.4375
1.5625 7 0.78125 99.21875
0.78125 8 0.390625 99.609375
0.390625 9 0.1953125 99.804687
0.1953125 10 0.0976562 99.902343
0.0976562 11 0.0488281 99.951171
0.0488281 12 0.0244140 99.975585
0.0244140 13 0.012207 99.987792
0.0122070 14 0.0061035 99.993895
0.0061035 15 0.0030517 99.996946
0.0030517 16 0.0015258 99.998471
0.0015258 17 0.0007629 199.999233
0.0007629 18 0.0003814 99.999614
0.0003814 19 0.0001907 99.999804
0.0001907 20 0.0000953 99.999899

[Remaining agent, column three, may be calculated from the formula 100/2N
which is the fraction of agent remaining, wnhen starting with 100g, after n halt
lives. In general, the agent remaining when subjected to a first-order kinetic
rate pattern is initial quantity/2n, the fraction remaining after n half-lives.]

it can be seen that even when starting from a very concentrated solution the
reduction in material is significant by 10 half-lives (99.9% destruction) and even
more so at 20 half-lives (99.9999%).

Another value of this kinetic treatmant is the detarmination of the "second
order rate constant”, kox, for the reaction. If we assume that the background
hydrolysis rate is small (experimentally verified), then the major contribution to
the overall rate is the hydroxide-dependant part of the reaction. ' This "second
order rate constant” allows the calculation of the observed tirst order rate if the
concentration of hydroxide is known. For example, if the second order rate
constant between GA and hydroxide is 7.5 M-1-s-1, and the concentration of
hydroxide is 0.01 M (equivalent to a pH of 12), then the following calculation
may be performed:

Kobs = I"OH[OH']

kobs = [7.5 M-1e5-1][0.01M] =0.075/s
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Once the observed rate constant is calculated, than the haif-lile of the reaction
may be calculated using the relationship:

11,2 = {In 2)/Kobs
ti/2 = (0.69)/0.075/s = 9.2 seconds

This calculation thus allows us to state that in 92 seconds (1.53 minutes, 10
halt-ives) in 0.01 M hydroxide we wiil have destroyed 99.9% of the initial GA
present in the decon sofution. In 184 seconds (3.06 minutes, 20 half-lives) in
0.01 M hydroxide 99.9939 % of the initial GA wil! be reacted.

Once the "second order rate constant, [kon]" is known, the half-life at any
specified hydroxide concentration may be calculated. Thus if the pH is raised
from 12 to 13, the hydroxida concentration should be raised from 0.01 Mto 0.1
M. From the equations above it can be predicted that the destruction of GA
would proceed with a hall-life of about 1 second, and that after 1 minute the
concentration of GA would be below the ppt level.

Representative "Second Order Rate Constants” for Hydrolysis of Nerve Agents

Substrate KoH (M-1e5-1) tis2 (sec) at pH = 12
GA 7.5 9.2

GB 25 3

GD 10 7

VX 0.083 835

(Note: In the kinetic analysis there are three terms, the last being a catalytic
term. In the usual decon solutions only hydroxide is used; however, there are
catalysts which are known to accalerate the hydrolysis rate over the one
observed related to base concentration. In field expedient decon this allows the
reaction to proceed rapidly at lower pH's. This is of great practical interest when
deconning sensitive materials. The kinetic analysis is developed to analyze the
effact of added catalyst, if present in the decon system.)

2.3.4 Products of DECON Procadures

There are a number of commonly used methods for determining material
balance criteria in deccntamination reactions. In most cases one method is not
sufficient, and the problem is generally approached from sevaral directions,
Obviously any mechanism proposed for a transformation must account for all
products obtained and for their relative proportions, including products formed
by side reactions. A proposed transformation cannat be correct if it fails to
predict the products in approximately their correct proportions.
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Traditionally the most satistying method used to handle the mass
palance problem has been to isolate the products involved. This technique is
powerful but fraught with difficulties: first, large concentrations of materials must
genarally be utilized to ensure good isolation; second, there is always the
concern that the major products of the reaction witl be identified but minor
products will be missed. For example, assume a hypothetical decon reaction
produces two acids, acid A in 90% and acid B in 10% yield. Crystallization is a
common method used to isolating acids. In the crystallization process,
molecules gradually deposit from solution and attach to each other in an orderly
array known as a lattice. As the aggregates of molecules grow large enough to
be visible, they appear as crystalline materials. The high symmetry of these
macroscopic aggregates suggests the ordered arrangement of the crystal
lattice. Molecules which do not have pracisely the same kinds and
arrangement of forces cannot be held in the lattice. Smaller or larger molecules
of similar structure are thus excluded; i.e., in the isolation of acid A, acid B will
probably be excluded by the forces active in the crystallization process. Acid B
will theretore be missed in the overall study. All direct isolation methodology
suffers from this consideration.

In many reactions, intermediates between starting material and products
are proposed. Identification of a possible intermediate is critical since an
intermediate, although present in small quantities, may have toxic attributes, the
final product lacks. Numerous ways, none foolproof, are used to learn whether
or not a proposed intermediate is present and, if so, its structure. This problem
can be subdivided into several areas. The intermediate can be isolated if it is
sufficiently stable. [f this isolated intermediate ¢an be shown to proceed to
products when subjecled 10 the reaction conditions, strong evidence thereby
oxists that the reaction proceeds through such an intermediate. If isolation of
the intarmediate is unsuccessful, some spectral technique such as infrared (ir),
nuclear magnetic resonance (nmr), etc., may be used. These are extremely
powerlfut procedures which give a direct measure of the quantity and structure
of an intermediate. A third variation traps the intermediate by an externailly
added trapping agent. [n the last variation the proposed intermediate is
independently synthesized then subjected to the reaction conditions thus
demonstrating the products are formed. All of the techniques for determination
of an intermediate lends credence to the suggested transformations of starting
material o products.

Several other methods, used in conjunction with one another, provice
information on product distribution. For axample, isctope labeling of starting
materials allows the path of reaction-to-products to be traced even under very
dilute conditions. Historically use of the radioactive isotope carbon-14 has
shown the power of this techniqua, but recent advances in analytical methods
ailcw the usae of stable (non-radioactive) isotopes in this regard.

Kinetic avidence is an extremely powerful technique in the identification

of mechanism and material balance. The question being asked is: "Does the
rate of disappearance of starting material equal the rate of appearance of an
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identifiable product?” If this correlation can be clearly shown it is a powerful
indicator of the material balance of the reaction.

As stated in the introduction, no one technique is clearly useful in all
cases, but a combination of techniques draws on the power of each method.
One difticulty when examining the literature of decontamination reactions is that
many products of the decon reaction are ditficult to analyze by traditional
anaiytical techniques. As a resuit much archival information is based on the
kinetic argument involving disappearance of reagents and a hypothaesis of
products, based on the kinetic evidence avaiiable. It has only been in the last
decade that analytical techniques have been developed which allow the
chemist to directly observe the products of these reactions. Use of these
techniques has consistently confirmed earlier hypothesas based on kinetic
analysis.

Saveral examples are illustrative in this regard. In the early 1980's it was
discovered at CRDEC that enzymatic catalysts existed for the destruction of
toxic nerve agents. Analytically the reaction was monitored by the appearance
of fluoride using a fluoride ion electrode. The hypothasis of hydrolysis indicated
that for every GB molecule hydrolyzed only fiuoride was released. Whaen the
rate of disappearance of GB was correlated with the appearance of fluoride the
ratas ware mirror images of one another. Although the isopropyt
methylphosphonic acid was not directly analyzed, a strong implication existed
that it was the only reasonable product, other than fluoride, in this decon
reaction. Why then was there no direct analysis for isopropyl methylphosphonic
acid to prove it is a product of the reaction? The answer ligs in the analytical
techniques available. Enzymatic reactions are generally run in dilute agueous
solution, and the analytical tools for directly cbserving isopropy!
methylphosphonic acid are not as sensitive as those which detect fluoride ion.
Essential in our mass balance criteria is the equation of a known amount of GB
introduced into the reaction. lIts disappearance is followed thus demonstrating
that a known amount of fluoride is produced from the reaction mixture by
aquivalent rates.

Mustard hydrolysis is anothar case in point. Mustard dissolves in water
to produced HC!. Traditionaily accurate methods have been available to
measure acid concentration (and, subsequently, chloride concentration). The
disappearance of mustard is thus correlated with the appearance of HCL. ltis
encouraging that indirect kinetic studies have so often proven accurate. The
classical paper on mustard reactivity of Bartlett and Swain (1346), based the
meachanism on kinetic argumants and a small quantity of product isolation. It
was not until the advent of nmr technology in the 1980's that direct identification
of the information published in 1946 could be made. in most cases the advent
of modern anaiytical tools has supported the suggestion in the archivai
literatura.

Wa should briefly touch again on the difficuity encountered when seeking

accurate data on the products of decon reactions. Many experimental
techniques for accurate analysis, €.g., gc-ms, require that an aqueous reaction
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media be introduced into the gas phase, then flashed, under high vacuum, into
the analysis unit. The conditions of this analysis are grossly different from the
conditions which existed in the aqueous dacon solution. Thus, there is always
concern that the analysis is not truly indicative of the situation in solution.

One extraordinary powerful technique which has recently become
available 1o the chemist is nuclear magnetic resonance {nmr) spactroscopy. A
recent development, aven by chemical standards, the first nmr signals were
observed in 1945 by Felix Bloch at Stanford {octane) and Edward Purcell at
Harvard {water). The three-line spectrum of ethanol was reported in 1951, and
in 1953 Bloch and Purcell shared the Nobel prize for their discovery. By that
year, Varian Associates had delivered three nmr machines to Exxon, DuPont
and Shell.

It is known that a moving electric charge creates a magnatic fieid. Atomic
nuclei, which are known to have a charge, should also create a magnetic field if
they spin. Many isotopes have what appears to be a mechanical spin, to which
a spin angular momentum is assigned. All microphysical systems are
quantized, and it is the spin number, i.e., the maximum observable angular
momentum for the nucleus, which concemns us. For purposes of this discussion,
it will suffice to say that certain nuclei exhibit this property. For example, 1H,
13C, 15N, 19F, and 31P all have spins of 1/2. Frequently encountered nuclei
which have no spin are 12C, 160, and 328,

Every isotope with a spin not equal to zero will be characterized by a
nuclear magnetic momant, which is represented by a symbol u. This can be
thought of as a bar magnet with a strength p. If the nucleus (bar magnetic) is
placed in a magnaetic field, there will obviously be an interaction. Like a bar
magnet, the nucleus must be either attracted to or repelled by the magnetic
field. Since only two possibilities exist for a system with a spin of 1/2, there are
only two possible orientations in the magnetic field, refarred to as plus and
minus. Thus it is clear that the nmr mathod requires a magnetic field as well as
an external energy source. The result of some simple mathematics (not
discussed here) reveals that an enargy transition from a minus to a plus state
may be measured. Ut is relatively easy to conceptualize what happens in the
nmr experiment. In the absence of a magnaetic field, the nuclear spins are
randomized in all possible directions. Whaen a magnetic field is applied, the
spins tend to be oriented sither in the same direction as the applied magnetic
field (low energy state) or opposite to it (high energy state). As the molecule
encounters incident radiation, energy absorption occcurs and one of the spins
fiips direction. This energy absorption is what the nmr system detects.

The discussion ot nmr theory given above only requires that the nucleus
of an atom have a magnetic moment for observation of the nmr phenomenon.
Large numbers of nucle: contain a magnatic moment and are thus candidates
for the nmr experiment. Nuclei commonly dealt with by organic chemists which
give an nmr signal under appropriate conditions include 13C, 3P, 19F, 15N, and
aven such ions as 23Na.
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The insensitivity of early instruments presented probiems for nmr
spactroscopy. Although many elements can be considered in the nmr
technique, only nuclei which give strong signals (hydrogen, fluorine) and/or are
present in the sample in high molecular concentration are practical 10 measure.
The stable natural carbon isotope 13C is present in 1.1% abundance (12C has
no magnetic moment). A very sensitive measuring technique is needed lo
determine the signal from these atoms. Recent instrument advances of the last
decade have produced great sensitivity which allows routine measurement of
13C spectra on normai samples. The same is true for 31P spectra. In addition,
both types of spectra cover a large range in the energy spectrum {i.e.,13C
signals range from 0 - 250 pans per million).

This technique, becausae it diractly observes the nuclel of an Iindividual
molecule can provide not only information of the disappearance of starting
material but the appearance of product in the same experiment. Most toxic
agents contain phosphorous (3'P) which as indicated above gives an nmr
signal. From the signal position of the phosphorous atom the group which
surrounds it can be determined. In the hydrolysis of GB, the 3'P signai can be
measured in the starting material, than watched for the shift in the 31P signal to
a new position as the decon reaction proceeds. It is extramely unlikely that two
completely difterent compounds will produce the same signal in this technique.
Thus, a direct non-destructive probe into the decontamination reaction is
possible by watching the shift in various atoms in the starting matarial and
products. in general, these measurements confirm literature suggastions in the
archival literature. Howevaer, this is a direct observation of products under the
decon solution and a cenrtification that the toxic starting materials do not exist in
solution, within the limits of sensitivity of the techniquse. [Note: usually anything
in excess of 0.5% will be detected using this tachnique. Therafore a more
accurate statement would be that the concentration of starting matenal has
dacreased to a level less that 0.5% of its initial value, ar that the starting material
i$ 99.5% destroyed. Specialized techniques, not discussed here, aliow the nmr
technique 1o measure down to limits of 0.01% under special circumstances.]

The time frame of the nmr experiment also permits a crude confirmation
of the kinetic data discussed in 3.3.3. In other words when GB is subjected to
NaaCQ3 hydroiysis under the approved SOP, 3P measurements in the nmr
confirm that the only product observed is isopropyl methylphosphonic acid, and
that this product is identical ta the product of sodium hydroxide hydrolysis. This
nmr experiment measures the chemical equivalence of these two dacon
proceduras and ensures that this reaction goes to the indicated products to
greater than 99.5%.

The above discussion indicates that in all the reactions under
consideration the following information is available. (1) There exists an
enormous thermodynamic drive to convert these toxic materials into non-toxic
products. (2) Not cnly 1s there a large anergetic drive to these reactions, but
there is also a rapid kinetic mechanism for these transformations. (3) The
product analysis discussed abaove demonstrates that the starting materials have
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been indeed destroyed and the products clearly i ifi
in the archival records. P y identified as those suggested
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3 Equivalence of DECON Procedures

A raview of the archival hiterature available from 1917 to the present day
clearly indicates the two major chemical procedures effective in the destruction
of toxic chemical agents are hydrolysis and oxidation. Within these two broad
categories, however there appear numerous reagents suggested in various
decon procedures. Aithough, at first glance, these procedures appear to be
diffarent, on close examination there are fundamental similarities in the active
chemical principles responsible for decontamination. In other words, althougn
the suggestad procedures require different dacontaminating agents (usually
chosen for compatibility with various materials to be cleaned), the reactive
species responsibie tor the dacontamination are the same. An excellent
example of this chemical equivalence is found in the basa-catalyzed hydrolysis
of the nerve agent GD.

in general, the term hydrolysis is utilized to indicate the addition of water
to a reactive molecule with the elimination of some fragment, alter the addition
of water, into the aqueous solution. In the example under discussion, water will
react with GB to produce one mole of hydrogen fluoride and one mole of GB
acid according 1o the following reaction:

CH; Io CHS ?
H+o_f—F + H,0 —> H+O-7—OH + HF
CHy  CH, CHa CHy

Therefore, mere dissolution of GB in water is in itself a decontamination
procedure (sometime termed "weathering” when dealing with field
decontamination). Because hydrolysis of GB in distilled water is slow, it is not
considered a good decon procedura per sa.

Howevaer, if sodium hydroxide (NaOH) is added to a water/GB solution, a
rapid bimolecular reaction is observed whereby hydroxide attacks the
phosphorous center and subsequently releases a fluoride ion. Hydroxide is
well known in the chemical literature not only as a strong base but as a
excellent nucleophile. Thus the hydroxide anion attacks the phasphorous to
form a transient intarmediate, which then decomposes 10 produce fluoride
anion. In the study of this reaction it is observed that increasing the hydroxide
concentration increasas the reaction rate; i.e., it is a bimolecular reaction which
is dependent on the concentration of hydroxide. In practical terms, although
only one hydroxide is involved in the initial attack at phosphorous, two
molecules of hydroxide are consumad for avary malecule of GB hydrolyzed
because one of the products is itself an acid, isopropyl methylphosphonate.
This second acid-base reaction is itself advantageous as it prevents the
isopropy! methylphosphonate from re-reacting with flugride to form GB. Thus
the overall stoichiometry of sodium hydroxide with GB is represented by the
following:
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CHy O H,0 CHy g
“\)—o—?_p + 2NGOH —= H~)-o-7—o~a + NaF + H,0
CHy CHy CHy oy

Note that the reaction produces one mole of fluoride ion, ocne mole of isopropyl
methylphosphonate (G8 acid anion), and consumes two moles of hydroxide.

The stoichiometry above demonstrates why NaOH is recommended as a
decon reagent. NaOH is very soluble in both aqueous and aqueous alcoholic
solutions, and is a potant nucleophile and base in aimost all solutions. 1t is one
of the first decon reagents to be used in the chemical-warfarg arena and
continues to enjoy popularity as a rapid, complete and inexpensive procedure.
Note in the NMR data in the attached appendix that the sole product of the
hydrolysis of GB in aqueous sodium hydroxids is clearly isopropy!
methylphosphonate reaction (GB acid). Note also that the reaction is complete
(>99.5%) in less than 10 minutes.

Why, it hydroxide is such an effective deacon reagent, are numeraus other
solutions recommended to perform this transformation? The answer is that this
NaOH is very corrosive. This solution is extremely damaging to many metal
surfaces and is potentially quite damaging to skin, clothes, and other materials.
Of panticular concern is the well-known reaction between aqueous NaQH and
aluminum metal. This reaction produces hydrogen gas in a very exothermic
transformation and is extremely damaging to any component which contains
aluminum. In several industrial processes this reaction between hydroxide and
aluminum to form sodium aluminate {producing heat) is used commercially, and
is often found in household drain ¢cleaners such as "Drano.” Therefore, the
decontamination of equipment which contains reactive metals such as
aluminum or magnesium requires alternative reagents to hydroxide in order to
suppress this corrosive reaction. One of the most useful is the substitution of
sodium carbonate for aqueous sodium hydroxide in the decontamination
solution. At first glance this seems a major change in the decon procedure, but,
in fact, sodium carbonate is well known to react with water to produce sodium
bicarbonate and hydroxide according to the following reaction:

NazCO3 + Hz0 — NaHCO3 + NaQOH

The advantage to this procedurs is that it produces an alkaline aqueous
salution (a solution defined as containing a greater concentration of OH- ions
than M+ ions) when dissolved in water, and undergoes hydrolysis to yield
sodium hydroxide which then may proceed 1o act as a potent reagent against
GB. The major advantage to sadium carbonate is that although it releases
hydroxide in the sclution on a steady basis, the hydroxide is simultaneously
consumed by another reaction (i.e., the reaction with GB to form isopropyl
methylphosphonate and floride, reaction given above). Thus sodium
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carbonate, although not as powerful a reagent as pure sodlum hydroxide,
produces sodium hydroxide in solution and Is chemically equivalent to
hydroxide In Its chemistry.

In the following table note the pH relationships between sodium
hydroxide, sadium carbonate, and other similar bases. Note alsa thata 0.01 M
solution of sodium carbonate has approximately the same pH as 0.001 M
sodium hydroxide. When used as a decon solution, therefore, sodium
carbonate is a mild source of hydroxide ion (the active nucleophile in solution)
and thus is more advantagepus as a decon reagent when aluminum and other
reactive metals are exposed to the decon process.

Approximate pH Values for
Various Concentrations of Selected Bases

Compound IN QN Q01N Q001N
Ammonia 11.8 11.3 10.8 10.3
Potassium

Hydroxide 14.0 13.0 12.0 11.0
Sodium

Carbonate . 11.5 11.0 -
Sodium

Hydroxide 14.05 13.07 12.12 11.13

In the attached appendix it can be seen that both GB and GD are
hydrolyzed in aqueous sodium carbonate, aqueous sodium hydroxide, and
alcoholic sodium hydroxide to form rapidiy the same decontamination products.
Kinetics on these systems suggest that both GB and GD have a half-lite during
hydrolysis under these conditions on the order ot 5-10 seconds; only one to two
minutes of reaction are needed 10 proceed through 10 half-lives of hydrolysis.
Nuclear magnetic resonance {nmr) data show that after 5 minutes essentially no
GB can be observed when this technique is used. Under these experimental
conditions, were GB present in concentrations greater than 0.5%. it would be
clearly observed in the phosphorous spectrum. Thus product analysis (amr
data attached) and kinetic data are consistant with the observation that both
NaOH and NazCOQj in aqueocus solutions rapidly react with GB to form isopropy!
methylphosphonate anion and nothing else. The usuai racipe for using sodium
carbonate recommands the solution remain in contact with agent for 30
minutes. If, at 5 minutes, 10 half-lives of reaction are completed, then in 30
minutes approximately 60 half-lives of reaction will have been completed. This
allows a calculated thearetical concentration of GB in aqueous sodium
carbonate at well below tha ppt level {see discussion of kinetics below).
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In many other decon solutions, hydroxide or a hydroxide-producing
reagent is recommended. Note the use of amines in various decontaminaticn
formulations. Again, amines dissolved in water are well known to hydrolyze to
form aqueous hydroxide by the following reaction:

R3N + H20 — RgNH+* + HO-

This reaction is most oftan encountered in the use of commercial cleaners
which contain ammonia. Ammonia, an amine very soluble in water, dissolves to
form ammonium hydroxide, NHsOH. It can therefore be seen that aqueous
ammonia solutions are a source of hydroxide ions as is sodium carbonate.
Substituted amines, such as monosethanolamine, dissolve in water to form
hydroxide ion everr more efficiantly than ammonia. Therefore, any decon
solution which contains low molecular weight amines rapidly produces an
aqueous alkaline solution (i.e., hydroxide in solution). All evidence to date
indicates that hydroxide in contact with GA, GB or GD produces a very rapid
reaction to form the acid salts of these agents.

A similar situation exists with the use of oxidizing reagents. The familiar
househoid bleach "Clorox™ is an aqueous solution of sodium hypochlorite,
NaOCI. This material is a chlorine oxidant of very powerful reactivity. It is an
excellent disinfectant and a useful oxidizing agent against a large number of
organic compounds, espacially those which contain sulfur. In household
cleaning applications this aqueous solution of hypechlorite oxidixes such
biclogical materials as bacteria and fungis into non-living states. It is also
useful for oxidatively degrading stains of various types to smaller, more soluble
fragments which then can be removed by detergents in the washing medium.

The use of hypochlorite in decontamination against mustard (HD) and VX
is similarly related to the oxidation potential of the hypochlorite anion ("QClI).
The oxidation potential of this anion is such that that care must be taken in its
use because of the heat generated as reactions proceed. In most applications,
agueous solutions are recommended to modaerate the ¢xidation reaction and
reduce the danger involved. Therefore any source of hypochlorite is a good
decontaminant for oxidizable groups such as mustard and VX. Numerous
recipes exist for the inclusion of reagenis which produce hypochlorite ion in
water. These include, for example, sodium hyplochlorite (5% “Clorox™ strength),
calcium hypochlorite (HTH or STB) as an aqueous solution or siurry, and the
soft halogens such as fichlor and chloramine B, which produce hypochlorite
upon reaction with water. Thus the formulation of an oxidative decontamination
solution follows the same general orthodoxy as one obsarves with aqueous
sodium hydroxide; i.e., the choice of the oxidant depands on the substrate to be
deconned, but in all cases the reagent produces a controlled amount of
hypochiorite which actually performs the decon reaction. [n *his context sodium
hypochlorite, caicium hypcchlorite, or the organic N-chloramine compounds
can be considered as chemically equivalent because they react with water to
release hypochlorite as the aclive ingredient.
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Yet another reactive attribute of hypochlorite is expioited in many
detoxification reactions. Hypochiorite falis into the category of aipha
nucleophiles (see Section 4.1.4.2), powertul reagents similar to hydroxide in
nucleophilic behavior (in contrast to oxidative behavior). Therefore the
hypochlorite anion will react as a catalyst with G-agents to hydrolyze the
material. The underlying reason why thaese types of anions are such powerfui
nucleophiles is still debated in the chamical fratarnity; however, it has been
demonstrated that they are very reactive against phosphorous compounds such
as GB. An aqueous hypochiorite solution is a powertul decontaminant against
G-agents through this hydrolytic mechanism as it is with mustard and VX
through oxidation. This dual reactivity of hypochiorite has recently exploited by
the German Army's fielding of the "C8 emulsion”. This recipe is an aqueous
organic emuision which contains calcium hypochlorite as an active oxidant. Itis
extremely powerful in decontaminating mustard and other sulfur-containing
compounds. CRDEC has demonstrated that this formula is also a powerful
decontaminant against G-agents. In the product analysis of G-agents, the
normal hydrolytic products are rapidly produced (i.e., isopropy!
methylphosphonate from GB), as shown in the nmr data (Appendix attached).

The discussion demonstrates that although numerous decontamination
recipes have been suggested for various procedures, all the reagents are very
simitar, if not identical, in their reactive behavior and ¢an be considered
chemically equivalent decontamination procedures on a mole per mole basis.
Thus, for example, no major differencas should be inferred when sodium
carbonate is substituted for sodium hydraxide insofar as mechanism and
products are concerned. Although this view has begen assumed in many early
studias, it is clearly documented at present through the use of nmr technology
(Appendix attached).
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4 Historical Background

4.1 Decontamination Methods - Archlves
4.1.1 INTRODUCTION
4.1.1.1 Purposse and Scope of Survay

The purpose of this survey was to identify ail archival material reponted for the
decontamination and/or destruction of the listed CW agents.

The methods used tor neutralizing an agent are strongly influenced by the
amount of agent present and its environment. As there is no univarsal
decontaminant for each agent, it is desirable to have at hand a listing of all of
the reported techniques, which will serve not only for ardinary situations, but
also as a stanting point for developing procedures for extraordinary siluations.

This literature survey covers the period 1918-1987. In it are included open
literature publications, government reports and industnal contract repons.

4.1.1.2 Organization of the Archival Material

Whaereas a large number of decontaminating systems or methods have been
studied for the destruction of distilled mustard (HD), G-Agents (GA, GB, and
GD). S-(2-diisoprapylaminethyl)-Q-athyl methylphasphonothioate (VX), and
Lewisite (L) they can conveniently be subdivided into several categories: 4.1.2.
water; 4.1.3. strong bases; 4.1.4. complexing agents and nucleophiles (other
than 2.); 4.1.5 oxidants; 4.1.6. photochemical methods, and 4.1.7. physical
collection. In this review, each category will be considered in turn. Where
raported, the following, if available, will be included for each reterance: quantity
of agent processed, percent destroyed, reaction kinétics and method of
anaiysis.

Those analytical methods that have been included in standard operating
procedures (SOP) will be considered in appreciable detail in Sections 4.1.8
and 4.2.5.

4.1.2 WATER

Both fresh water and sea water, although plentiful and inexpensive, are
relatively inelfective agents for the destruction of CW agents; nevertheless they
have been used {0 wash contaminated surfaces. (1} The solubility of HD in
water is low?2, 1 g/L. and the hydrolysis rate constant is reiatively low (0.13
min-1) at ambient temperature. {2} Mustard is 99.3% hydrolyzed at 50°C in 100
minutes.? lncreasing the temperature of the water,4 or using steam,’ causes
volatilization of a portion of the HD.§ Addition of detergents, such as the alkyl

Page 4-1



sulfonates or quaternary ammonium compounds, increases the solubility of HD
8 to 20 times, but resulls in hydrolysis rates 3 to 20 times slower.2 The same
situation resuits with the use ot detergent micelles.?

The organophosphate GB is completely miscible with water and its
hydrolysis half-life in dilute solution is 75 hr at pH 7 and 25°C 8 which is too
slow from a practical standpoint for decontamination. Similarly, for VX, the
values are, 30 grvl of water (solubility), and 40 days at pH 7, respectively.8

Neat Lewisite (L) in water reacts rapidly to give lumps that are soluble
only on prolonged stirring and are polymaeric modifications of the oxide
CICH=CHAsO.133 The aqueous solution of the oxide has vesicant
properties.134

4.1.3 STRONG BASES
4.1.3.1 Aqueous Solution

Strong bases in aqueous solution may be defined as those giving a pH
of approximately 11 or greater. Cleavage rates for GA, GB, GD and VX are
propertional to the hydroxyl concentration (see discussion in 3.3.3), while for
HD, rates in basic solution are comparable to those in water alone.7.10.11
Unfortunately, the highar pH solutions are more corrosive to skin and to various
materials. Hydrolysis of GB in strongly basic solution involves the equation:

CHy ? H,0 a9
H‘)—O—II’—F + 2N3OH — H~)—o—||=—oua + NaF + H,0
CHy CH, CHy  cp,

The second order reaction rate is 30 M 1+s'1 and the heat of reaction is -44.4
kcal/mole.12 With 5% aqueous sodium hydroxide (pH > 14), the half life of GB
is <0.8 sec. With respect to VX, the pertinent equation is:

o ,Pr H,0 o SIPr
EI0-P—5~\__N_ ¢ 2NaCH — EIO-P=ONs + N5 \_-N__ + H,0
i N\ § Nipr
CHy iPr cH,
vX

The half life of VX at pH 14 is 1.3 min'3,and the second order rate
constant is 30M-1<hr-?, but because of its relatively low solubility in water (above
about 9°C), the reaction requires a considerably longer time unless an organic
solvent such as 2-methoxyethanol is included. Therefore for VX {and HD),
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actual rates will be slower, depending upon the rate of solution of agent, which
will depend in turn upon the degree of mixing of the heterogeneous systems.

Lewisite reacts with aqueous sodium hydroxida as tollows: 134.135
CICH=CHAsCIz + 6 NaOH — NajzAsOj3 + 3 NaCl + H2C2 + 3 H20

The isomaric {(¢is and trans) Lewisites react at different rates in 16 % aqueous
sodium hydroxide, with one isomer giving almost complete acetylene evalution
in 2 min and the other requiring approximately 1 hr.138 Because of the relative
insolubility of Lewisite or its oxide in aqueous solution,use of a cosolvent such
as alcohol is recommended.

Many bases have been studied for decontamination. Whereas the use of
10% aqueous sodium hydroxide has been reported to be effective against
HD.14 later reports indicated the oppasite.15.16 In another report, Reichert'?
found that 125-gallon batchas of HD could be effectively decontaminated with
125 gallons of water at 70°C, plus calcium oxide in excess, which raised the
temperature to 100°C. The mixture was allowed to stand overnight. Analysis
via thin layer chromatography (TLC) and gas-liquid chromatography (GLC)-
mass spectrometry (MS) indicated complete hydrolysis to thiodiglycel and
calcium chloride, plus some polysullide residue that separated. The author also
mentioned the use of aqueous sodium hydroxide and of ammonium hydroxide
for hydrolysis of HD, but there was no indication that these bases had been
used for large-scale decantamination.

By contrast with HD, aqueous sodium hydroxide has been used as a
standard method for the decontamination of bulk GB from munitions. The
reaction yields sodium isopropy! methylphosphonate and sodium fluoride. It
has been employed for demilitarization of the M55 rocket!8 and M139 and
E139 bomblets,’¥ among other applications. Once the GB has been
hydrolyzed, the brine solution is dried prior to dispesal. A voluminous
literature20-30 base has resulted for the testing for residual GB in the brine, in
the stack emission, and in the dried sailts. There are two standard methods for
GB trace analysis, enzyme and GLC. Both require extraction of residual GB
from the material of interest with a polychlorinated alkane. For the enzyme
method,23.24 which is more sensitive but less specific and subject to more
interferenca, the extract is usually subjected 1o a preliminary TLC separation3?
followed by scraping-oft of the spot, reaction with cholinesterase and by a pH,
colorimetric or fluorometric measurement. Tha GLC procedure,25.32-34 s lgss
sensitive, but more speacific (Section 8).

Because sodium hydroxide solutions produce hydrogen with the
aluminum often accompanying the GB in munitions, less basic solutions have
been investigated. One of these is aquaous sodium carbonate,2.35 which is
less corrosive for aluminum. The half life of GB in this solution was reported to
be 8.5 seconds with a first arder rate constant of 0.08 s-! and a destruction

elficiency of >99.9999%. The heat of reaction {AH) with 10% sodium carbonate
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has been estimated to be -22 kcal/mole. This was shown to give a "safe”
temperature rise of 2.58°C for an adiabatic process using 300% excess
reagent (one pound of GB per saven gallons of 10% sodium carbonate.)
Methods of analysis wera essantially the sama as those for hydroxide brines.
Nmr analysis of spent 10% carbonate solutions indicate GA, GB, and GD
destroyed to 99.5% in § minutes at room temperature (see Appendix).

While VX is more resistant to cleavage by bases than GA, GB, and GD, it
has been decomposed with aqueous sodium hydroxide.38 Decontamination of
12.5 gallons of VX by 150 gallons of 10% sodium hydroxide required 6 to 8
hours with air agitation at 25-30°C. This lechnique was recommended by
Monsanto,37 but the sultur and nitrogen degradation products, including
diisopropylaminoethanol are not commercially reusable.

Similar studigs were reported by the Navy.38 A total of 12.5 gallons of
VX was decontaminated using 150 gallons of 10% agueous sodium hydroxide
(air agitated) in three stages (50 gallon addition, each stage). The sciubility of
VX was initially incomplete. The last two stages employed heated sodium
hydroxide solutions. The time for “"complete"decontamination was 6-8 hrs. The
solubilization problem indicates that this method of decontamination will be
unreliable unless the mixing process can be very adequately controlled. It must
also be noted that if the reacting VX contains the "Bis impurity®, the action of
base will generate a refractory compound (see formula below) which
undergoes further hydrolysis slowly. This refractory -anticholinesterase is toxic
by intravenous routes; the oral toxicity is considarably less. Howevar, this
material, in aqueous or aicoholic solution, 1$ apparently not absorbed through
the skin; no eitects were found on application in water or alcohol to the backs of
clipped rabbits.47 The compound is crystalline when pure (mp = 138-140°C)
and is infinitely soluble in water and ethyl alcohol; as such it is not a vapor
hazard.

IPry, o ,IPr bt ~ Y IPr
-P— N -0-P—S§
"bis"analog of VX refractory anticholinesterase

In work dona to support the Demil plan at the Tooele Army Depot21 three
decontamination procedures were evaluated for 1arge scale destruction of VX.
These included alconolic caustic, caicium hypochlorite, and chlorine gas in
acidic media {acid chloronolysis). It was suggested than in addition to the two
analogues discussed above, the base reaction also produces the “pyro”
compound; structure shown below) by reaction of the O-ethyl methyl
phosphonic acid anion {initial hydrolysis product of VX) with VX,

" Q_
El0- r’ \l"-OEt
CH, CH,
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This product aiso hydrolyzed on standing with aqueous base. This study
reponts that incompiete reaction of VX with either hydroxide or calcium
hypochionie produced sofutions which gave weak toxicological resuits (by
intravenous injection) but that excess reagent produced solutions clean of any
major toxicological response (rabbits and mice}, The conclusion of these
studies indicated that acid chloronclysis was the solution method of choice for
large scale destruction of VX in Demil procedures.

Methods of analysis for residual VX in the brines and in the dried salts
are similar to those for GB and involve extraction of agent followed by GLC
(phosphorus and sulfur flame filters), or TLC, with anzyme analysis.8. 21.39

Sodium hydroxide also appears to be the decontaminant of choice for L.
Nmr analysis show that treatment ot L with 10% sodium hydroxide soiution
immediately evoives gas {acetylene) and produces a solution with »89.5% L
destruction {na carbon signals prasent) in 5 minutes (See Appendix).

A number of other strongly basic sodium salts have been suggested40 as
substilutes for soedium hydroxide or sodium carbonate in the decontamination,
including trisodium phosphate or sodium silicate, but they do not seem to have
been studied in any detail.

4.1.3.2 Partly Aqueous and Nonaqueous Solutions

The main advantage in working in these media is that the agent is
usually more soluble and hence should be more readily availabie for
nucleophilic atlack, other factors being equal. Yet the fact that partially or
completely nonaqueous solutions have lower dieiectric constants than water
may slow the reaction. Also, thera are often problems of toxicity and corrosivity
connected with organic solvents. in the foliowing examples, it shouid be noted
that these reagents are preferrad for small-scale decontamination, such as on
skin, cloth, metal, or other surfaces.

Sodium sulfide, 15% in a mixture of glycerol, ethanol and water, required
20 hours at an ambient lemperature to destroy HD.6

Sodium hydroxide in methanol reacts too slowly with HD to be effective,
yet in ethanol, the half life is 11 hours.14 While VX, like HD, is more soluble in
alcoholic base, problems of flammability have lessened that decontaminant's
use.'? An effective skin decantaminant for HD was described by
Steyermark,4! which consists of a quaternary ammonium hydroxide or alkali
metal hydroxide, alkoxide, or phenoxide in mixtures of dimethy! sulfoxide and
water or aicochol. A mixture of 70% methyl cellosolve and 30% of a 50%
aqueous sodium hydroxide solution 42 gave complete destruction of HD in 2
hours {verified by GLC) to yield thiodiglycoi and sodium chloride. This agent
has a relativaly large capacity for HD decontamination and compared very
favorably with ather HD decorntaminants.
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A number of multicomponent, strongly basic mixtures have been studied
for the decontamination of HD, GA, GB, GD, L and VX. One of these is DS-2,
patented by Jackson43 as being effective, and relatively noncorrosive, and
consisting of 70% diethylenetriamine, 28% 2-methoxyethanol and 2% sodium
hydroxide. With this mixture, the half lives for HD, GB, and VX44.45 were found
to be 2.3 seconds, <30 seconds and <7 seconds, respeclively, at ambient
temperature. The products formed from HD included divinyl sulfide, which is
somewhat toxic, hut much less so than HD. In one report,44 25 cc of HD plus
1.33 quarts of DS-2 gave a 31% yield of divinyl sulfide in a very rapid reaction.
Residual HD was determined via GLC. Other studies on DS-2 were made by
Day46é with HD, cyclohexyl methylphosphonofluoridate (GF) ( GB analog) and
VX on painted panels after standing overnight, and by Fielding48 on various
surfaces. Treatment was found to be effective for GB and HD, but somewhat
less so for VX. The products from VX were tantatively identified as bis (2-
diisopropylaminoethyl) disulfide,44 presumably plus the O-ethyl
methylphosphonic acid. For GB, the products are the same as those for
hydrolysis in aqueous sodium hydroxide.

In work performed with DS-2 at Monsanto,49 a thorough study was made
on the tunction of the three components in the solution. It was postulated that
the amine in DS-2 complexes with the sodium ion 10 give a superbase.
Substitutes included crown ethers, polyethyleneimine and
iminobis{propylamine). The 2-methoxyethanoi in the standard DS-2 mixture
was replaced as solvent by a variety of glymes in various formulations and the
sodium hydroxide by lithium diethylamide. None of the substitute formulations
was found to be markedly superior to DS-2, which gave 100% HD destruction at
an ambient tempearature in several minutes. Unfortunately, because DS-2 has a
low sodium hydroxide content (2%), increased volumes (vs. HTH)} must be used
to obtain equivalent levels of decontamination. !t is also corrosive o epoxy
resins, neoprene, and wood.40

In studies made on the reaction of VX with ethanclamine, with
hexyleneglycol added to give homogeneity, it was found that 70% of the VX
remained intact after 2.5 hr at room temperature.38

Studies by the Navy50 were made of benzyltrimethylammonium
hydroxide in methanol as a decontaminant for small amounts of VX in the
laboratory.

Monoethanolamine (MEA}, an organic solvent, which is itself a relatively
strong base, has been used for the decontamination of HD.'6 The use of MEA
has a number of deciced advantages®'-52 including: relatively high flash point,
relatively non-toxic (TLV of 3 ppm ), non-corrosive 10 metals, inexpensive,
relatively stable, homogeneous reaction with HD, moderate heat of reaction and
voluma ratio of only 5:1 required. The reaction of HD and MEA is given by the
equation:
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The type of reaction represented by the above equation has received
attention in the open literature,38 but quantitative studies of products, kinetics
and thermochemistry were not reported. A decided advantage of these systems
is the absence of inarganic salts in the final disposition process. The products
from HD, ie, N-(2-hydroxyethyljthiomorpholine hydrochloride,
monoethanclamine hydrochloride and smail amounts of
bis(hydroxyethylaminoethyl)sulfide, were incinerated at 900°C to give carbon
dioxide, hydrogen chloride and various oxides of nitrogen and sulfur, which
were collected in an 18% aquecus sodium hydroxide scrubber.16

The haif life of this reaction was reported as being 11 min at 57°C and 40
min at 44°C.38 The heat of reaction at 50°C was -40 kcal/mol. Abova this
temperature the heat of reaction increased significantly and cooling was
required. With a 5:1 v/v ratio of MEA to HD, the adiabatic temperature rises
were from 50°C initial to 113°C final and from 65°C initial to 151°C final.

Studies have indicated that for chloroform solutions of various agents,
reaction with MEA may yietd a delayed violently exothermic reaction, especially
in closed vessels. The hazard of a slowly appearing exotharm, which
nevertheless rasults in a violent run-away reaction upon storage (reaction of
MEA with solvent), is not an isolated instance in the history of stored materials
resulting from disposal operations. Detailed methods and apparatus are being
developed for safely eliminating the appearance of such unplgasant
surprises.38 Analysis of various systems are performed by computer-cantrolled
adiabatic calorimetry with computer data-processing. Other approaches to the
probiem have been the previous use of differential tharmal analysis (DTA) and
differential scanning calorimetry {(DSC), but the approach citad in the above
refarence develops much more complete information for analysis, if an actual
problem exists. Datection of the problam should be adequately performed
however, by DTA and/or DSC.

Several additional studiess1.52 led 1o the selection of MEA as a feasible
decontaminant for HD. The compound has also been applied to the destruction
of HD impregnated on charcoal®3. When combined with 4-(N N-
dimethylamino)pyriding it has been employed for destruction of GB.54

4.1.3.3 Molten Saits

A novel technique for the destruction of chemical warfare agents involves
the use of molten basic salts at elevated temperatures. In the method, first
studied by Atomics International,55-57 HD, GB, and VX in air, at feed rates of
approximately 10 grams per minute, were passed through beds containing 90%
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sodium carbonate and 10% sodium sulfate at 1000°C. The agents react
according to the following equations:

HD + 2 NagCO3 + 7 0O — NapzSQ4 + 2 NaCl + 6 CO3z + 4 H20
VX + 3 NaC0O3 + 20.5 02 — NazPQO4 + NazSO4 + NaNO3 + 14 CO2 + 13 H20
GB + 2 NaaCO3 + 6.5 Oy — NaF + NagPQOg4 + 6 CO2 + 5 H20

The bench scale results were: HD off-gas <0.023 mg/m3, particulate filter <30
ng, melt residue <30 ng/gm; GD off-gas <0.00049 ng/m3, filter <50 ng, melt
<100 ng/gm; VX off-gas gas <0.000085 mg/m3, filters <1.5 ng, melt <3 mg/gm.
These figures corresponded to agent destruction of 99.99999%.58 Assay was
via extraction followed by GLC-mass spectrometry for GB and HD or by enzyme
analysis for VX.

The molten salt method has several problems, including the presence of
phosphorus pentoxide particulates, requiring efficient particulate filters, and the
presence of sodium chloride condensation in off-gas lines, requiring low
temperatures for the molten salt.39

4.1.4 COMPLEXING AGENTS AND NUCLEOPHILES

4.1.4.1 Maetallic Salts

These compounds customarily are employed in solutions closer 10
neutrality than are the bases of Section 3 above and are frequently much less
corrosive. Various metal ions have been observed to increase the hydrolysis
rates of GB in water,60-65 gspacially those ot copper (I1), uranium (VI), zirconium
(IV), tharium (IV), and molybdenum (Vi). Only a few of these systems have
actually been translated into useful decontamination procedures. n one,45 VX
and GB on sateen were treated with 0.1 M uranyl nitrate and 0.1 M thorium
nitrate solutions; neither was too effective. In another report,88 involving VX in
solution, 95-98% was destroyed in 30 minutas with either zirconium (1V), nitrate
or copper (I} nitrate and tetramethylethylenediamine. Also satisfactory was
uranium (V1) dioxybis(5-sulfo-8-hydroxyquinaline). with half life for GB of 2.8
minutes at pH 10 and 24 minutes at pH 7.67 Various metal saits complex with
HD without actually decomposing it, including mercury (i) perchlorate.88 These
have been used to impregnate clothing, but are deactivated by perspiration.

interest in decomposition of agents with metallic complexes has returned
with investigations involving several promising compounds.®9

4.1.4.2 Alpha Nuclecphiles
While hydroxide anion readily attacks electrophiles such as HD, GA, GB,

GD and VX, even more rapid reactions are given by various alpha nucleophiles,
even though they are less basic. The enhanced reactivity 1s related 1o the
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presence of an unshared electron pair on the atom next to the one bearing the
negative charge, which decreases charge repuision during interaction. In this
group are anions of hydroperoxides, hypochiorites, oximes, and hydroxamic
acids, with most literature references involving GB and VX.60.70-74 While a
number of these reaclions have very favorabie kinetics, as measured in tha
1aboratory, only hypochliorites appear to have been used for large-scale
decontamination and thase properly fail under the heading of oxidants,
considered below. In one repont,”S a mixture of sodium hypochlorita and
sodium perborate was used for HD, but no rationate was given. Ina
hypothetical exercise,!3 a search was made for a hydroxamic acid that would
decontaminate 400 gm of VX from a munition by dissolutionin 1200 Lofa 0.2 M
aqueous solutian of the hydroxamic acid at pH 7 to 9 1o give a final agent
concentration of 10-7 to 10-8 M after 1 hour. The sought-after acid was not
found. A number of promising aipha nuclegphiles have been synthesized by
Reiner, which react rapidly with diisopropyl! phosphonoflucridate (OFP, a G-
agent simulant) including a-oxominovaleronitrile,
ethylenediaminetetracetohydroxamic acid, amylose oxime, and pentafluoro-
benzaldoxime.76

Besides alpha nucleophiles, bidentate nucleophiles such as
pyrocatecho! and pyrogallol anions?7-81 wera found to hydrolyze
organophosphates rapidly. Here, 100, promising resuils in the laboratory have
not been turned into practical systems.

Sodium thiosultate reacts rapidly with HD 82 but neither this reaction, nor
one involving hydrolysis of GB at pH 7.6 in the presence of pyridinium bases,83
has been applied 10 bulk quantities of agents.

4.1.4.3 Micellar Nucleophiles

In this group are oximes containing a large aliphatic moiety, which tends
to concentrate on the surface of solution, where more favorable concentration
elfects shouid enhance organophosphate hydrolysis. As an example, the half
life or VX in a pH 9.3 solution containing dodecylpyridinium-3-aldoxime iodide
{10-3 M) was 40 seconds.84

4.1.5 OXIDANTS
4.1.5.1 Halogen
4.1.5.1.1 Calcium Hypochiorite

Of the agents under consideration in this report, two, HD and VX, contain
sutfur moieties that are readily subject to oxidation. One of the first substances®
used for the destruct on of HD was "bleach®, which is normaily found in three
forms: a 5% aqueous sodium hypochlerite solution (Clorox, Purex, etc.),

chlorinated lime {(a solid with the approximate tormula CaClQC!) and calcium
hypochlorite (HTH, with the formula Ca(OCl)2). The last named, having the
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highest percentage of available chlorine, is the form most often used for current
decontamination.

The reaction of calcium hypochlorite with HD has been conducted in a
variety of media.'4 With solid reagent, the reaction may be violently
exothermic.85 With hypochlorite in an aquéeous slurry, the reaction is more
easily controlled. This mixture has been recommended for the detoxification of
buildings, ground, and other large-surface areas.86-89

While the reaction varies with the proportion of reactants and
temperature, a proposed equation’s for the maximum consumption of bleach is:

(CICH2CH2)2S + 14 OClF — SO4= + 16 Cl + 4 CO2 + 4 H* + 2 H0

With a deficiency of hypochlorite, the sulfoxide and/or the sulfone of mustard
may be produced.90 Nmr analysis of the oxidation with excess bleach show
conversion into numerous (estimated 20) products in greater than 99.5%, none
of which were mustard (See Appendix). Toxicological lest on mustard
decontaminated with bleach show no toxic affects.

As HD is relatively insoluble in water, the reaction with aqueous calcium
nypochlorite is a heterogeneous one and rates of decontamination have not
been studied.S Nevertheless, several kinetic investigations have been made
in dilute homogeneous solutions at various pH values.91.92 In actual
decontamination of HD with calcium hypochlorite,93 scaled-down amounts,
corresponding to ratios of 11.7 Ib.of HD to 100 1b of HTH in 108 gal. of water
were stored for several days at an ambient temperature, treated with sodium
thiosuifate to remove excess hypochlorite and extracted with hexane. The
extracts were submitted to GLC with sensitivity of 1 ppm of HD in hexane and
results indicated essentially complete decontamination. The equation given for
the reaction was:

(CICH2CH2)2S + 7 Ca(OCl)z + 2 Ca{QH)2 — CaS04 + 8 CalCly
+4CO2 + 6 H2O

A bleach slurry was found to give complete decontamination of HD on Navy
landing craft.! The agent HD is determined in bleach solution33 via extraction
and subsequent GLC (Section 8).

In order to speed up reaction, suspensions have been made of bleaching
powder in organic solvents. One such solvent was carbon tetrachioride, '3
which was found to be superior to aqueous bleach paste, but was still slow
because of the heterggenous nature of the reaction. Ancther example invoived
the use of 8% calcium hypochlorite in a mixture of 76% water and 15%
chlorinated hydrocarbon, with 1% alkylbenzenesulfonate emulsifier.94
Reaction occurred at the phasa interface and theoretically, the system could be
improved via inclusion of a phase transfar catalyst.’3 More efficient are the
organic chlornnating agents discussad below:
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Calcium hypochlorite has also been applied to the decontamination of
VX, the reaction being given by the equation:95

0 IPr
o P +9001 H0 0 /
" / —pP=0" HN + S5H,0
ElQ=P=— 3/\/ N\ . E10 r ° * Nipy 2
! IPr . CH,y
CH, + 7°OH .
VX +901° + SO," +2C0,

The reaction is rapid, with a half life of 1.5 minutes at pH 10. It has bean used
for the demilitarization of VX in the CAMDS Project at Tooele Army Depot,?! but
it was considered 10 be less effective than is acid chlorinolysis. The major
determinant of the transtormation is that the pH is critical and toxic soiutions
can be formed if the pH drops to a value below 11 {see discussion above).

The reaction is highly exothermic38, with an experimentally determined
value of -675 kcal/mo! and a first order rate constant of 0.01 s-1. The rise in
temperature can be calculated from the equation:

fise in°C = (moles VX){175)/gal.10 % HTH

Initial results with extraction of trace amounts of VX from hypochlorite gave poor
recoveries®6.97. The current analytical proceduredd is much more satisfactory
(Section 8).

The reaction of L with hypochlorite has been studied, but because of the
relatively slow kinetics of oxidation, it offers no advantage cver aqueous sodium
hydroxide. 137

Self-destructing HTH solutions to limit corrasion have been prepared,
with half lives of approximately 100 seconds. They are named ASH and
SLASH,98 contain citrate to remove axcess active chioring and have been used
for biological agents.

4.1.5.1.2 Seodium Dichloraisocyanurate

Similar in action to HTH is sodium dichloroisocyanurate monchydrate
{Fichlor, CDB-63), which possesses considerable aqueous stability and
solubility (1 M/L) and has been used for laboratory-scale decontamination of
VX.99 The compound was reported for destruction of HO, GD, and VX on paint
surfaces'00 and the test results were compared with thosa for other
decontaminating agents. As with sodium hypochlorite, the stability of sodium
dichloroisocyanurate in agueous solution is pH dependent.191 Because of its
tavorable characteristics relative 1o calcium hypachlorite, there is a current
interest in Fichlor.102

4.1.5.1.3 Chloramine B, Chloramine T and NBO
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Two other water-soluble active chlaring compounds of interest are
Chloramines B and T. As compared to HTH, they have the advantage of greater
stability88.89 and less corrosiveness whan applied to skin, but being more
expensive, are not recommended for large-scale operations. Theoretical
studies have been made on N-chlorinated compounds by Higuchi and
coworkars.103 In general, the weaker is the acidity of the NH basa, the more
stable the N-chloro compound. They react readily with tertiary amines and a
number of them have been suggested as decontaminants for VX.13 The
products of reaction of chloramine B with HD include bis{2-chloroethyl)
sulfoxide and the sulfiimine CgHgSOaN=S(CHaCH2C1)2.104.105 The
proportion of the former increases with increasing water content.

An aqueous mixture containing 3-bromo-4,4-dimethyl-2-oxazolidinone
{(NBO) and cetyltimethylammonium chi¢ride in a bicarbonata/carbonate buffer
has been studied for the decompasition of HD and VX as well as GD.106 The
solubility of NBO in the mixture is 0.14 M at 19°C. A 0.01 M NBO solution
containing 0.0034 M HD gave < 1% HD (GLC) at 10 min (half life of 0.2 min).
For VX and the reagent,at a 1:10 mole ratio,the half life of the VX was 0.2 min.
Studies with GD (and by analogy GB)indicated that both hydrolysis and attack
by reagent were occurring,with an agent half life of 0.5 min at a 1:1 mole ratio.
Unfortunately,stability problems in solution have prevented greater use of this
decontaminant.

4.1.5.1.4 Dichloramine B, Dichloramine T, DANC, and Other Water-Insoluble
Active Chlorine Compounds.

This group of compounds is soluble in many of the solvents in which HD
and VX are soluble. However, they are unstable in varying degrees to sunlight
and to moisture.107 The dichloramines have been applied in carbon
tetrachloride solution,08 in salves,108 with inert solids such as kieselgyhr or
talc, or with atkali or alkaiine earth carbonates or bicarbonates.199

Other examples for this group include N-chlerasaccharin,3 N-chloro-
succinimide,13 N-chioracetamide,1¢ N-chlorophthalimide,!10 bis (2,4,6-
trichlorophenyt)dichlorourea, 11 and N-(2,3,6-trichlarophenyl) N-
chlorobenzamide.107

Various other active chlorine compounds have been investigated.112.113

With N-chlorosaccharin, it was predicted!3 that at pH 8.6 in aqueous
solution the half life of VX would be 10-4 seconds, but low water solubility
among other factors, prevented application of the compound.

One formulation that was used extensively in the past was DANC,14.15 3
7% solution of 1,1-methylenebis(3-chloro-5,5-dimethylhydantoin){S-210) in
tetrachioroethane. Other formulations!s include: S$-210 10.3%,
tetrachloroethane 67.3%, barium hydroxide octahydrate 2 8%, Aristowax 1.6%,
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and $-210 1%, letrachloroethane 2.9%, Spar 201 4%, watar 7%, remainder oi.
in aqueous solution, $-210 reacts with HD to give a sulfilimine derivative 93
Because of the high toxicity of tetrachloroethane and its corrosive effect on
painted surfaces and rubber, DANC has become obsolete.

4.1.5.1.5 Chlorine and Chlorine Dioxida

Chlorine has been used as a large-scale decontaminant for VX, based
upon earlier laboratory studies (half life 1.2 minutes at pH4).1'4 (n the actual
procedure carried out at the Tooele Army Depot,'15 100-pound batches of VX
from munitions are dissolved in 1.5 N hydrochloric acid (1:3 v/v) and chiorine is
added 1o a green color. Reaction is rapid and strongly excthermic. Samples are
quenched with sodium hydroxide or sodium carbonate and extracted with
dichloromethane. Residual agent (3 ug/L)} is determined via fluorimetry,116 TLC
and an enzyme assay?23 or GL.C.117 The destruction efficiency was determined
to be 99.999989%. The reaction is:

fa] iPr 4+ 3CL H,0 3 /P
an-g—s’\/"’ —> E0-F—OH + HOS” \_-N_  +§HC

1 \ip,- + 4H20 ! ' iPr

CH .

Aiso found among the products was dicyclohexylurea from the
dicyclohexylcarbodiimide stabilizer in the VX. The solution from the
chlorinolysis was converted to drum-dried salts.118

Chlorine dioxide reacts with VX to give carbon dioxide, carbony! sulfide,
sulfate ion, phosphonic acid and diisopropylamine.11® As with chlorine,
kinetics are very favorable, but the explosive nature of the gas would tend to
preclude large-scale work.

4.1.5.2 Other Oxidants

An early oxidant used for the destruction of HD was potassium
perrnanganate in acetona,b for cleaning of matallic instruments. Neutral
permanganate was reported {0 compietely detoxify (enzyme-assay) VX at a
20:1 mofar ratio.1'9 Among the products were ethyl methylphosphonic acid,
N.N-diisopropylformamide, sulfate ion and gelatinous manganese dioxide,
which along with unreacted permanganate, presented disposal problems.
When VX was reacted with permanganate in highly basic solution,13 the
products formed indicated that hydrolysis predominated over oxidation.

Potassium peroxydisulfate, in combination with a silver ion catalyst, has
been suggested for the cecomposition of VX,13 but no experimental work
seems to have been done.

Oxidation of mustard with concantrated nitric acid cleanly produces
>89.55 mustard sultoxice (See Appendix).
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Peracetic acid gave unimpressive rasults with GB and VX on sateen
swatches.45

Various free radical systems were studied for oxidation of HD, GB, and
VX, but it was concluded that the approach showed little promise.120,121

Novel oxidations of various agents with organic iodo compounds have
been reported.122.123,124

4.1.6 PHOTOCHEMICAL METHODS

Little work has been done using this approach. Both HD and VX contain
sulfur atoms that are subject to oxidation. One system that has been proposed
for VX involves cold aerial photooxidation with photosensitizers such as Rose
Bengal.13.12% The decays in GB and VX clouds as they travel downwind, due
to photolysis, hydrolysis and oxidation, have been reported, 126

4.1.7 PHYSICAL COLLECTION
y

Phybical collection removes the agent from one iocation to another
without actually destroying it. It is pimarily of value for the decontamination of
surfaces or the removal of agent from water. Washing surfaces with water,
water with detergent, or ethanol, has been used for decontamination, 127

An early method of physical collection involved adsorption of various
toxic chemicals.'28 A more recent technique 1s that of raverse osmosis129 for
removal of GB and VX from water with cellulose acetate and polyamide
membranes. Agent concentrations were significantly reduced, but not always to
a permissible level.

lon exchange resins have been employed to remove small amounts of
VX from hypochlorite brines,26 but this was an analytical technique rather than
a method of decontamination. Amberlyte-15 resin (Rohm and Haas
Corporation) was studied for the removal of GB, VX, and HD from air.135 Basic
resins absorbed GB and possible hydrolytic products, then catalyzed the
hydrolysis of GB.131

A review of ion-exchange methods reported for decontamination,with
propasals for future wark,was published in 1983. Among the recommaeandations
were ultra-fing resin-zeolite slurries as general-purpose noncorrosive surface
decontaminants and mixed bed cation-anion exchangers for potable water
decontamination, 132

Aqueous charcoal siurries (23-28%) in water, plus corrosion inhibitors
and antifreeze compounds, have been mentioned for decontamination.490
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4.1.8. ANALYTICAL PROCEDURES FOR STANDARD DECONTAMINATION
METHODS

The standard method for the detarmination of residua! GB in 18°% sodium
hydroxide solution requires initial adjustment of the pH to 5.0 with dilute suifuric
acid,followed by extraction with chloroform,preconcentration of the axtract using
Chromosorb 106 and GLC analysis.The column type is DB-210 bonded-phase
fused silica capillary,15 m long by 0.53 mm 0, with a 1.0 um coated thickness
of the stationary phase.The detector mode is phosphorus specific and the
detection limit ic 6.3 ppb.33  An essentially identical procedure is used fof the
determination of GB in scrubber solutions and in sodium carbonate brines with
detection limits of 4.8 ppb and 6.3 ppb respectively. Gas chromatographic
analysis of GB also has been reported using a DBS megabore column 30 m by
1.5 u (J & W Scientitic) with a detection limit of 0.05ug/mL of injected sample.34

A colorimetric technique for GB using o-dlanisidine and perborate has a
reported detection limit of 0.5 pg/mi,while an autoanalyzer procedure utilizing
acelylcholineesterase and 5,5-dithiobis-2-nitrobenzoic acid claims a value of
0.25 ng/mL for the agent in an air stream.34

The agent HD is determined in bleach solution according to the following
procedura.33 Excess bleach is neutralized with aqueous sodium arsanite, tha
end point being determined bipotentiometrically.Extraction is made with
chloroform followed by preconcentration on Tenax-GC. The gas
chromatoegraphy column is DB-210 bonded-phase.fusad silica capillary, 15m
long by 0.53mm ID, with a 1.0um coating thickness of the stationary phase. The
detector is sulfur specific, with a detection limit of 39.4 ppb.

The analysis of residual VX In hypochlarite raquires an extraction prior to
GLC. Initially, n-hexane was the extractant, with a detection limit of 0.6 ng/mi,
but recovary was poor.96.97 The current method invoives extraction with
chloroform after a preliminary removal of excess hypochlorite with arsenite {see
HD analysis above) and increase of pH to 10.0. Preconcentration requires
adsorption on Chromosorb 106 and conversion to a fluoro compound similar to
GB by reaction with silver fluoride, The chromatographic ¢olumn and detector
are the same as those for GB and the detection limit is 11.4 ppb.33 A DB 608
column has been suggested for analysis of VX34 as well as a DB-5 megabore
column {30m, 1.5, J&W Scientific) with a detection limit of 1ug/mL for the latter.

Several proposals have been made for the analysis of L in trace
amounts. In one (E.W.Sarver, Unpublished Resuits, 1974), the agent is reacted
with 1,2-ethanedithiol 10 give 2-{B-chlorovinyl)-1,3-dithioarsencie, which is
submitted to GLC.Another proposal involves a preliminary separation via high
performance liquid chromatography coupled with amperometric assay, with an
estimated detection im:t of 1 ppm.138 Preliminary studies have been made
(S.Hallowell,tJnpublished Results,1976) of the titration of Lewisite with sodium
1,2-propanedithicl-3-suifonate and a sulfide electrode.
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4.1.9 CONCLUSION

Extensive decontamination experience and comprehensive data bases
reviewed above have underwriiten huge demilitarization projects in the past
including GB-filled M55 rockets, and M139 and E139 bomblets, as well as
research lavel decontamination protocol's utilized here at CRDEC and in other
U.S. Army and free world instillations. An extensive evaluation of various of the
above decontamination methods with raspect to reliability, simplicity, safety and
cost was made hy the Jet Propulsion Laboratory.139 In all cases,
decontamination and disposal projects for agent-filled munitions were executed
safety, without untoward incident, and in total compliance with every prevailing
environmental and human safety stricture and concern at the time of the
operation. As can be seen from the analytical data reviewed the
thermodynamics, kinetics and product analysis documentation is extensive and
has improved in recent times by advances in analytical hardware, as
exemplified by the nmr data reported in the Appendix of this document. These
modern analytical tools have by-in-large ¢confirmed the archival data. These
and other facts enumerated in detail in this document provide ample evidence
that existing decontamination protocols and procedures are safe, scientific, and
result in the total destruction and detoxification of chemical agents.

4.1.10 LITERATURE CITED

1. Fielding, G. H. et al. NRL Report No. P-2914. Decontamination of Landing
Craft at San Jose Island. Naval Research Laboratory, July 1946.

2. Herriot, R. M. and Anson, M. L. OSRD 653, NRDC Series 275. Effect of
Detergents and Related Compounds on the Solubility and Rate of Selution of
RHS. June 1942,

3. Holst, G., Comparison of Pyridine, Ethyl Alcohol, Acetone as Solubilizing
Agents. Acta Chem. Scand. 12, 1042 (1958).

4. Edgewood Proving Ground Report on Test 689. Effectiveness for
Decontamination of Hot and Cold Water with and without Detergents.
December 1947.

5. Fielding, G. H. NRL Report C-3240-70A/S2CbM. Decontamination of Ships.
Operation Leroy. Navai Research Laboratory. May 1952.

6. Chemical Warfare Service Report No. Z-197. The Cleaning of Objects
Contamination with Ypente. Washington, D.C. May 1918.

7. Williamson, C. E. and Witten, B. EATR-4490. Reaction of Some Nitrogen
and Sulfur Mustards in Oetergent Micelles. February 1971,

8. Crabtree, E. V. and Sarver, E. W., EC-SP-76021. Review of Analytical
Procedures for GB, VX, and their Degradation Products. January 1977.

Page 4-16



9. Wilson, R. E. et al. Selubility and Rate of Hydrolysis of Mustard Gas in water.
J. Am. Chem. Soc. 44, 2867 (1922).

10. Larsson, L. the Alkaline Hydrolysis of Isopropoxy - Mathy! - Phosphory! -
Fluonde and Some Analogs. Acta Chem. Scand. 11, 1131 {1957).

11. Epstein, J. et al. The Kinetics and Mechanisms of Hydrolysis of
Phosphonathiolates in Dilute Aquacus Sclution. Phasphorus 4, 157 (1974).

t2. Davis, G. T. et at ,[EC-TR-76101. Fundamental Studies Related to the
Decontamination and Disposal of GB-Filled Honest John Warhead
Components. March 1977.

13. Davis, G. T. et al., ARCSL-TR-78028. Search for a Noncorrosive
Decontaminant for VX and for Appiication in Demilitarization Operations. July
1947.

14. Mankowich, K. et al. EASP-300-5-Pt-2. History of Research ang
Development of the Chemical Warfare Service through 1945. Decontamination
of Chemical Agents. Part ll. September 1970.

15. Block, F. and Davis, G. T. ARCSL-TR-79002. Survey of Decontamination
Methods Related to Field Decontamination of Vehicles and Material. October
1978.

16. Brankowitz, W. R. ARCSL-TR-77051. Demilitarization of Mustard Agent
(HD) at Fart McClellan, Alabama April 1978.

17. Reichert, C. Defence Research Establishment Sutlield Ralston. DRES-TN-
329.Study of Mustard Destruction by Hydrolysis.July 1975

18. Edwards, B. A. DPG-SS8-C130A. Caustlic Immersion Demilitarization of
MS5 Rocket Residue. February 1974.

19. Maohammed, A. M. DPG-FR-C1508. Demilitarization of M139 and E139
Bomblets at Dugway Proving Ground, Utah. Use of Sodium Hydroxide
Solution. April 1978.

20. Davis, P. M. et al. EC-TR-76079. Chemical and Thermal Methods for
Analysis of GB Demil Brines and Spray Dried Salts. February 1977.

21. Thomas, G. W. DRCPM-DRD-TR-72015. Demil Plan Operation of the
CAMDS at Tooele Army Depot. Inclosure No. 10. Agent Destruction System
Testing and Reliabitity Data. March 1977.

22. Ringhart, D. ARCSL-TR-77031. The Detarmination of GB Emissions from
Rocky Mountain Arsenat M34 Spray Drier. December 1877.

Page 4-17



23. Hess, T. L. USAEHA Rep AD No. 717558. An Automated Method for
Measurement of Nanagram Quantities of Organophosphorus Poisons.
November 1970.

24. Tomlinson, D. H. and Faller, H. L. ED-TR-76045. Improved Auto Analysis
for Nanogram Quantities of Organophosphorus Agents GB and VX. May 1976.

25. Belcher, D. W. Spray Drying of War Gas Residues. Chem. Eng. Prog. 73,
101 (1977)

26. Gulson N C Defense Research Establishment, Ottawa. OREQ-693. Rapid
Sensitive Gas-Liquid Chromatographic Methods for Analysis of HD, GF, and
VX(U). June 1974. RESTRIC'I_'ED Repon.

27. Epstein, J. et al. EC-TR-76009. On the Mechanism of GB Formation in
Spray Drying of GB Contaminated Brine Soiutions. November 1975,

28. Taczak, W. J. etal. NSWC/DL-TR-3313. The Detection and Tracking of
Stack Effluent with a Forward Looking IR Image Sensor. June 1975.

29. Barrett, J. W. et al. Southern Research Institute Quartarly Progress Reporn
No. 8, SORI-EAS-75-417. Contract DAAA 15-73-C-0227. Investigation of
Contamination from C-Agent Demil Plants and Determination of Effects on Real
Time C-Agent Datection System. September 1975,

30." Goodson, L. H. and Jacobs, W. B. Midwast Rasearch Instilute Contract No.
DAAA15-74-C-0069. Final Report. Solution Sampling Enzyme Alarm Studies
(Spray Drier Studies) Analytical Chemistry. 1 December 1975.

31. Ludemann, W., and Sass, S. EC-TR-75062. Detection and Identification of
Chemical Agents Usmg Spot Tests in COH]UCIIQn with TLC (V). November
1975. CONFIDENTIAL Repon. ‘

32. Fisher, T., et al. EC-TR-76080. Gas-chromatographic Methods for Analysis
of Trace Quantities of GB and Associated Compounds {Demil of Ettluent, Brine,
Dried Salts, Munition Exudates). September 1976.

33. Smith, J. E. Southern Rasearch Institute Contract No. DAAK11-82-C-0162
Analytical Methods Development.Vol.2.Standing Operating Procedures.Final
Report.December 1985.

34. Fleming, E. H. Batteile Research Institute Contract No.OAAL03-86-D-0001C
Summarization,Documentation,and Compilation of Current and Appropriate
Procedures for the Chemicat Analysis of CW Agents, Their Degradation
Products and Selected Simutants. August 27,1987.

35. Rinehart, D. and Deiner, A. EQ-TR-77008. Method of Analysis for

Determination of Isopropy! Methylphosphonotiuoridate (GB) in Carbonate
Brines. June 1977.

Page 4-18



36. Childers, C. D. Technical Memoranoum w-15167. Decontamination of
Bulk Quantities of VX with NaQH-Aqueous Solution. U.S. Naval Weapons
Laboratory. Dahigran, Virginia. August 1967.

37. Hedley, W.H., et al. Monsanto Research Corp. MRC-DA-476. Contract
DAAA15-74-C-0073. Final Report. Disposal of Detoxified Chemical Agents.
April 1977.

38. Yurow, H. W. and Davis, G. T. ARCSL-TR-81080. Decontarmination and
Disposal Methods for Chemical Agents.A literature Survey . November 1982.

39. Stutz, M., and Sass, S. EC-TR-76091. Collsction and Sampling of
Materials and Preparation for Identification and Other Analysis. June 1977,

40. Ashcroft, H. P., and Parker, D. T. DTC-71-713. Effact of Chamical and
Biological Agents and Decontaminants on Equipment (U). 1978. SECRET
Repon.

41. Steyermark, P. R. Composition for Decontaminating Chemical Wartare
Agents. (Grace, W. R. and Co.) USPatent 3,810,842;14 May 1974. C.A.81,
137872C (1974).

42. Davis, P. M., et al. ARCSL-TR-79004. Decontamination Solution for the
Disposal of ldentilication and Training Sets. April 1979.

43., Jackson, J. B. CWLR 2368. Daevelopment of Decontamination Solution
DS-2. April 1960.

44. Davis, G. T. et al. EC-TR-75024. Studies on the Destruction of Toxic
Agents VX and HD by the All-Purpose Decontaminants DS-2 and CD-1. May
1975.

45. Sturgill, R. A., et al. Litton ind. GB-67-2378-6.1. Contract DA18-035- AMC-
279A. Final Report. Methods and Material for Personnel and Equipment
Decontamination. Book t. Final Repart far Task Na. 24 on Collective Protection
Against CB Agents. November 1870.

46. Day, S. E. and Gendason, P. ED-TR-74057. Laboratory Evaluation of the
Decontaminating Effectivenass ol DS-2 and SBT Slurry Against Agents on
Painted metal. November 1974,

47. Michel, H. O.; Epstein, J.; Plapinger, R. R.; Fleisher, J. H. CRDLR 3135.
EA2192, A Novel Anticholinesterase (U) Chemical Research and Development
Labaoratories Technical Report. May 1962.

48. Fielding, G. H. Repont No. NRL-6191. Field Decontamination Studies with

Chemical Warare Decontamination Solution DS-2. Naval Research
Laboratory. Washington, D.C. December 1964.

Page 4-19



49. Richardson, G. A. Monsanto Corp. EACR 1310-17. Contract No. DAAA15-
71- C-0508! Final Report. Development of a Physical Decontamination
System. August 1972

50. Brumfield, J. L., and Rumuly, D. L. NWL-TR-2513. The Reaction ot VX with
Benzyitrimethylammonium Methoxide.September 1970.Confidential Report.

51. Pistritto, J. and Eng, L. Edgewood Arsanal Letter Report. EACL 28
Research investigations Concerning the decontamination of H/HD in Toxic Gas
Sets. March 1974.

52. Davis, P.M., and Sass, S. Edgewood Arsenal Letter Report. Incineration
Studies of a Solution of Detoxified Mustard (HD) - Monoethanolamine (MEA)
Waste. December 1374.

53. Rosenberg, S. Nat. Tech. Info. Service AD Report AD-A042499,
Detoxification of War Gas |.D. Sets Containing Charcoal Impregnated with
Chemical Agent. 1977.

54. Cowsar, D. R. Southern Research Institute Report No. SORI-3808-4.
Contract DAAA-15-77-C-0015. Final Report. Study of Reactive Materials for
Development of New Protective Concepts. January 1978.

55. Yosim, S. J., et al. Rockwell Int. Atomics int. Div. Contract DAAA15-74- C-
0174. Final Report. Modification PO0003. A Feasibility Study for the Disposal
of Neutralized GB by the A.l. Molten Sait Combustion Process. June 1975.

56. Atomics Int. Div. Rockwell Int. Contract DAAA-15-74-C-0174. Final Report.
Modification PO0001. A Feasibility Study of Disposal of War Gas ID and
Training Kits by A.l. Molten Salts Combustion Process. February 1975.

57. Rockwell Int. Atgmics. Int. Div. Contract DAAA-15-74-C-0146. Final Report.
Disposal of Obsciete War Gas ID and Training Sets by Al Molan Salt
Combustion Process. Vols 1 and l). August 1976.

58. Dustin, D. F., et al. EM-TR-76099. Applications of Molten Salt Incineration
to the Demilitarization and Disposal of Chemicai Materiel. February 1977.

59. Kraybill, M. S. ARCSL-SP-77009. A Compendium of Molten Salt
Combustion Studies, December 1977.

60. Larsson, L. Studies on the Chemical Reactivity of Organic Phosphorus
Compounds. Sven. Kem. Tidskr. 70,405 {1958).

61. Wagner - Jauregg, T.. et al. Modsl Reactions of Phorphorus - Containing
Enzyme Inactivators. 1V. The Catalytic Activity of Certain Metal Salts and
Chelates in the Hydrolysis of Diisopropyl Fluorophosphate. J. Am. Chem. Soc.
77,922 (1955).

Page 4-20



62. Courtney, R. C., et al. Metal Chelate Compounds as Catalysts in the
Hydrolysis of Isopropyl Methylphosphonofluoridate and Diisopropyl
Phosphonofluoridate. J. Am. Chem. Soc. 78, 3030 (1857}

63. Epstein, J. and Rosenblatt, D. H. Kinetics of Soma Metal lon Calalyzed
Hydrolyses of Isopropyl Methyiphosphonolluaridate (GB) at 25°C. J. Am. Chem.
Soc. 80, 3596 (1958)

64. Gustafson, R. L. and Martell, A. E. A Kinetic Study of the Copper (lI) Chelate
Catalyzed Hydrolysis of tsopropy! Methylphosphonotiuoridate. J. Am. Chem,
Soc. 84, 2309 (1962).

65. Ploetze, E. Problem of Defense Against Chemical Warfare Materials.
Explosivstofte 12, 219 (1964).

66. Cogliano, J. A., and Braude, G. L. W. R. Grace. RES-69-61. Contract DA
18-035-AMC-287(A). Final Report. CW Agent Decontamination by Metal Salts
and Organometallic Compounds. December 1969.

67. O.Connell, J. J., and Kwan, C. 8. USAF Eglin Contract to Monsanto AD39-
5943. Final Report. Chemical Warfare Decontamination by Catalyic Hydrolysis.
February 1968.

68. Sharkley, L., et al. W. R. Grace Report No. RES-68-31. Contract DA18- 035
AMC-287(A). Quarterly Progress Report No. 19 Research and Feasibility
Studies on Clothing Decontamination. June 1969,

689. Ward, J. R., and Hovanec, J. W. "On the Mechanism of Sarin Hydrolysis
Catalyzed by Transition-Metal lons", CRDEC-SP-85006, June 1985, page 29-
33; Albizo, J. M., and Ward, J. R. "Hydrolysis of GD and VX by 0.05M/0.10M
Copper {Il} - N.N,N".N'-Tetramethylethylenediamine (TMEN)", CRDEC-SP-
87008, June 1987, page 105-109.

70. Hackley, B. E., et al. Acceleration fo the Hydrolysis of Organié
Fluorophosphates and Fluorophosphonates with Hydroxamic Acids. J. Am.
Chem. Soc. 77, 3651 (1955)

71. Demek, M. M., et al. Hydroxamic Acid Catalyzed Hydrolysis. USPatent
3,068,072. December 11, 1962. C. A. 58,10660 (1963).

72. Epstein, J., et al. Chlorine Catalyzed Hydrolysis of Isoprpoy!
Methyiphosphonotluoridate (Sarin) in Aquecus Solutions. J. Am. Chem. Soc.
78, 4068 (1956).

73. Swidler, R., et al. The Kinetics of the Reaction of isopropyl

Methylphosphonofiuor-date {(Sann) with Substituted Benzohydroxamic Acids. J.
Am. Chem. Soc. 81, 227 {1959).

Page 4-21



74. Stolberg. M., et al. CWLR 2285. The Reaction of VE with Oximes and
Hydroxamic Acids. August 1959.

75. Vogel, C.I.B. A New Hypochiorite Preparation. Cham. Prod. 4, 40 (1941).

76. Reiner R., et al. The Decontamination of Surface Contaminated with CW
Agents and Detoxification ot agents Injected in organisms. Bundesministarium
Der Verteidigung Bonn {West Germany) Wahrtechnik. BMVG-FBWT-74-6.
1974.

77. Jandort, B. J. MLRR 81. Chemical Reactions of G Agent in Neutral
Solution. Part Il. Reaction with Mono and Polyphenols. September 1951.

78. O'Neil, J. J., ot al. MLRR 160. Isolation of Reaction Products of GB with
Amines, Hydroxylamine and Catechol. February 1953.

79. Higuchi,T. U. of Wisconsin Semi-annual Repornt. Contract DA 18-108-AMC-
88(A). Molecular Catalysis and Interactions in aqueous Solutions. July 1963.

80. Epstein, J., et al. Reactions of Isopropylmethylphosphonofluoridate with
Substituted Phenols. J. Am. Chem. Soc. 86, 3075, 4959 (1964).

81. Epstain, J., et al. Kinetics of the Reaction of Isopropyl
Mathyiphosphonofluoridate with Catechols at 25°C. J. Am, Chem. Soc. 78,341
(1956).

82. Benes, J. and Weidenthaler, P. The Mechanism of the Reaction of
Dichloroethyldisulfide with Sodium Thiosulfate. Chem. Zvesti 11, 324 (1957)
CA 51, 16227 (1957).

83. Grochowski, J. W., et al. Hydrolysis of DFP and Sarin in the Presence of
Pyridinium Bases and Some of Their Oxides. Biul. Wojsk. Akad. Tech. 14, 93
(1965) CA 65, 3685 (1966).

84. Epstein, J., et al. Micellar Acceleration of Organcphosphate Hydrolysis by
Pyridinium Aldoxime Type Surfactants. J. Org. Chem. 43,2816 (1978).

85. Lipscomb, A. G. The Reaction Between 2,2"-Dichlorodiethyl Sulfide
(Mustard Gas) and Bleaching Powdar. Analyst 65, 100 (1940).

86. Drager, H. Destruction of Toxics in Industrial Establishments. Dragerhefte
2210 {1932).

87. Renwanz, G. Deloxification of Buildings Contaminated with Mustard Gas
{Bis(chlorothyl}sulfide). Gasmaske 7,1 (1935)

88. Weidner, D. The Destruction of Mustard Gas. Gasschutz and Luftschultz 5,
133 (1936).

Page 4-22



89. van Giffen, H. J. and van Bronkhorst, W. A. The Cleaning up of Streets and
Public Squares Contaminated with Mustard Gas. Pharm. Weekbl. 74, 102
(1937).

90. Buswell, A., et al. The Chemistry of Mustard Gas as a Water Contaminant.
National Defense Research Committee of the Oifice of Scientific Research and
Developmant, Informal Report 65, Section 9-3-2. August 1943.

91. Hoist, G. The Reaction of Bis (2-chloroethyl) Sulfide (also the Oxidation
Products Sulfoxide and Sulfone) with Hypochlorite in Pyridine - Water Solution.
Sven. Kem. Tidskr. 53, 319 (1941) CA 36,6881 (1942)

g2. Eskanow, K. and Jachlewski, Z. Studying the Reaction of B.p"

Dichlorodiethyl Sulfide with Calcium Hypochlorite in AQueous Solution. Biul.
Woijsk. Akad. Tech. B3 (1975). CA B4, 179476y (1976).

93. Edgewood Arsenal DF 1o Wagner, P. Analysis of HD in Aqueous HTH
Solutions (Omnibus Program) 21 July 1973.

94. Redd, R. J. Edgewood Arsenal Lettar. Report of Visit to West German
Republic 18-22 October 1976. November 1976.

95. Epstein, J. Edgewood Arsenal DF. Heat of Reaction of VX with Alkaline
Bleach Solution. 23 May 1973.

96. Wagner, P. Edgewood Arsenal, Demil Progress Report, Omnibus Program
21 October 1976.

97. Wagner, P. Edgewood Arsenal, Demil Progress Report, Omnibus Program
4 February 1977.

98. Fielding, G. H., et al. NRL Report 7067. Disinfection with Hypochlorite.
Application to Clothed Men, Construction Materiels, and Electronic and
Electrical Items. Naval Research Laboratories, 29 June 1370.

99. Hovanec, J. W., et al. Quarterly Progress Report. Applied Chemistry
Section, Chemicai Branch, Research Division, CSL, APG. Solubilization of VX
and Demiiitarization of VX. 11 September 1978.

100. Amos, D. Materia's Research Lab, Ascot Vale, Australia. MRL-R-701.
Comparison of Fichlor and DS-2 Decontaminants Against Agents HD, GD, and
VX and Alkyd and Aliphatic Polyurethane Paints (U). 1974, RESTRICTED
Repon.

101. Shaw, K. B, and Miller, R. K. Defense Research Establishment, Ottawa.
DREQ-697. A Laboratory Investigation of Aqueous Formulations of Sodium
Dichloroisocyanurate (COB-63) and Supertropical Bleach (ST8) as Chemical
Agent Decontaminants (U). June 1974. CONFIDENTIAL Report.

Page 4-23



102. J. W. Hovanec, J. A. Albizo, J. A. Ward and L. L, Szafraniec, "A Method for
Examining the Degradation of GD and DFP on Reactive Films and Powders"

in "Proceedings of the 1887 U.S. Army Chemical Research, Development and
Engineering Center Scientific Conference on Chemical Defense Research,”
Rousa, M. D., Ed., CRDEC-SP-00000, 1988, in press.

103. Pitman, . H., et al. Prediction of Chlorine Potentials of N- Chlorinated
Organic Molecules. J. Chem. Soc. Section B. 1230 (1969).

104. Benes, J. Mechanism of the Reaction of Chloramine B with Bis (2-
Chloroethyl) Sulfide. Collect. Czech. Chem. Commun. 28, 1171 (1963).

105. Sartori, M. The War Gases p. 232 D. Van Nostrand, New York, New York.
1940,

106. Dismukes, E. B. et al.,Southern Research Institute Contract No. DAAK11-
80-C-0036.Evaluation of Decontamination Formulations, Final Report May,1982.

107. Hill, A. E. Compaositions for Destruction of Mustard Gas. USPatent
2,926,107, February 23, 1960. CA 54, 13502 (1360).

108. Phifipp, C. Rendering B',B'-Dichlorodiethyl Sulfide Innocuous. German
Patent 557, 081. June 13, 1928. C. A. 27,355 (1933).

109. Philipp, C. Rendering B',B-Dichlorodigthy! Sulfide Innocuous. German
Patent 590,796. January 9, 1934. C. A. 28, 2433 (1934).

110. Philipp, C. Rendering B',B'-Dichiorodiethyl Sulfide Innocuous. German
Patent 588,131. November 12, 1933. C. A. 28, 1427 (1934).

111. Albert, T. J. and Pfansteil, R. Composition for Destruction of Mustard Gas.
U. S. Patent 2,927,037. March 1960. C. A. 54, 13503 (1960). '

112. Mitchell, T. F., et al. EATR 4781. Decontamination of Chemical Agents on
Skin (U). Ocotber 1973. CONFIDENTIAL Report.

113. Gilchrist, M, F. EASP 1300-2. Summary of Study ot Decomamination of
VX Contaminated Fabrics Using M13 Decontamination Kit. November 1972,

114. Bauer, V. E., et al. CWLR 2231. Chlorination of VX in Dilute Aqueous
Solution at 25°C. August 1958.

115. Benson, J. H., et al. EM-TR-73070. Laboratory and Pilot Scale
Detoxification of VX in Acidic Media using Chionne Gas. May 1974.

116. Basset, M. C., et al. EATR-4117. Inproved Flucrescence Method for
Analysis ot VX in Field Test Samples (U). July 1967. CONFIDENTYIAL Report.

Page 4-24



117. Sass,S.et al. EC-TR-78120.ldentification ot Chemical Agents by GLC
Employing Retention Indices (U).February 1977.CONFIDENTIAL Repon

118. Valis,R.J..and Vigus,E.S. Nat.Tach.info.Service Repart No.AD-AQ45475.
Pyrolysis of Detoxified Agent Wastes. 2.Drum -Dried Salts From the Acid
Chlorinolysis of VX. 1977.

119. Epstein, J., etal. EATM 143-2. Annual Summary of Progress of the
Detense Research Development. 1967. April 1969.

120. Preis, S.. et al. Melpar, Inc. Contract No. DA18-108-AMC-203(A). Final
Report. Study of Chemical Agent Decontamination Systam for Multipupose
Use. June 1964.

121. Braude, G. L. W. R. Grace, Contract DA-18-035-AMC-287(A). RES-70-41.
Research and Feasibility Studies on Clothing and Decontamination.
September 1870.

122. A. R. Katritzky, B. L. Duell, H. D. Durst and B. Knier, "Substituted
o-lodosc- and o-lodoxybenzaoic Acids: Synthesis and Catalytic Activily in the
Hydrolysis of Active Phosphorus Esters”  In "Proceedings of the 1887 U.S.
Army Chemical Research, Development and Engineering Center Scientific
Conference on Chemical Defense Research,” Rousa, M. D., Ed., CRDEC-SP-
00000, 1988, in press.;

123. H. D. Cursy, R. A. Mackay, B. A. Burnside, B. L. Knier and F. R. Longo,
"The Hydrolysis of Phosphate Esters in Microemuisions”  ibid.

124 F. R. tongo, B. A. Burnside, B. L. Knier, H. D. Durst, R. A. Mackay and L. L.
Szafraniec "Analysis of the Hydrolysis products of PNDP in Microemuision
Media Via P31-FT NMR" | ibid.

125. Mill, T. and Gould, C. W. Stanford Reseach Institute. EC-CR-76050.
Contract DAAA15-74-C-0150. Final Repont. Oxidation of Sulfur and Amine
Model Compaunds. January 1976.

126. Bagley, F. D., et al. DPG-TR-A105D. Methodology Study Method for
Arriving at Agent Decay Parameters as Cloud Travels Downwind. June 1973.

127. Commerford, G. €., et ai. Southwest Research inst. Contract AF08{635)-
5711. Final Report. Air Force Armament Lab. Eglin AF Base. AFTL-TR-67-
108. Decontamination with Fire Fighting Equipment. September 1967.

128. Mitcheli, T. F., et al. EATR-4781. Dacontamination of Chemical Agents on
Skin (U)). October 1373. CONFIDENTIAL Report.

129. Lindsten, D. C and Des Roches, P. R. Nat. Tech. Info. Service AD Report

AD-A046203. Decontamination of Water Containing Chemicat and
Radiclogical Warfare Agents by Reverse Osmosis. 1977,

Page 4-25



130. Braman, R. S., et al. Garrett Corp. Contract DA18-035-AMC-279. Final
Report. CB-67-2378-4.1. Praparation and Evaluation of Non-Carbonaceous
Solvents and Collective Protection Against CB Agents. April 1968.

131. Chasanov, G. and Epstein, J. lon Exchange Resins as Catalysts in the
Decomposition of Sarin. J. Polym. Sci. 31, 399 (1958).

132. Janauer,G. E. ARCSL-SP-81023.A Selective Review and Assessmant of
Potantial Applications of lon-Exchange Resins in Chemical Analysis, Protection
and Detoxification.January 1983.

133. Valis, R.J. and Kolakowski, J.E. ARCSL-TR-81092.Development and
Application of a Gas Chromatographic Method for Determination of Lewisite
Emissions During Incineration ot Obsolete Chemical Agent |dentification
Sets.December 1981.

134. Green,S.J. and Price,T.S. LVI. The Chlicrovinylchloroarsines. J. Chem.
Soc. 119, 448 (1921).

135. Waters W.A_ and Williams,J.H. Hydrolysis and Derivatives ot Somae
Vesicant Arsenicals. J. Chem. Sos. 18, (1950).

136. Bartlett, P.D. OSRD N0.470 Sarial No.211. March 31,1942,
137. Buswaell, AM. and Price,C.C. QSRD 4193 June 26,1944,

138. Analytical Division,Research Directorate Analysis of Residual Agent
Concentration in Decontamination Solution at the Chemical Transter Facility
APG-EA. Undated.

139. Moynihan, P. I, et al. JPL-D-918-Vol.1-2 Safe Disposal Techniques for
DoD Toxic Waste. August 1983.

4.2 Decontamination Protocols - Current

4.2.1. Background - Hazard Evaluation of Decontaminated Liquid Waste at
CRDEC

In January 1986 the State of Maryland passed a regulation listing
rasidues of certain decontaminated chemical surety material (CSM) as
hazardous waste. Chemical Research, Development and Engineering Center
(CRDEC) then initialed a delisting request for these residues, in that they do not
meet the criteria fcr hazardous waste. CRDEC has tasked Research Directorate
to provide both analytical and toxicological data that will support this delisting
process.
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To answer the questions posed to CRDEC by the State of Maryland in
their September 1987 letter, the following criteria must be met:

a. CRDEC must provide a detaiied description of tha actual
decontamination procedures used on the laboratory materials. This must
include a step-by-step outline of the decontamination process, and must identify
the decontamination agant used on a given CSM, the theory of thesa chemical
reaction(s), the concentration of the decontaminating agent used, the amount of
time the reaction is allowed to proceed, and note the parameters that influence
the degree to which the reaction goes to completion.

b. CRDEC must describa the procaduras used to assure that the
solutions on which toxicological tests are performed are equivalent to the
solutions resulting from the actual decontamination procedures.

c. Finally, CRDEC must describe the protocoel for tha toxicological testing
50 that the State of Maryland can determine whether it follows genaerally
accepted practices.

In line with the above questions, this protocel describing in detail
preparation of solutions (part b) used by Toxicology Division to verify the
decontamination of the CSM in question (Question ¢ above). These were taken
from actual decon procedures used at CRDEC. For these tests a decon solution
was prepared and divided into two portions. The first portion was analyzed to
ensure destruction of agent and analysis of products. The second portion was
subjected to toxicological testing. Thus data from these experiments will directly
answer the question posed by the State of Maryland as to ™ procedures used 1o
assure that the solutions on which toxicological tests are performed are
equivalent to the solutions resulting from the actual decontamination
procedures.” The results of this testing schedule is given in Section 4.3.4
below.

The standard decontamination solutions used at CRDEC were chosen
for completeness of the decon procedure. The theory of ihe decon reactions
are covered in Sections 2 and 3 and the exact steps involved in making the
decon solutions are covered in the General Protocol below. Tha portion of the
solutions used for toxicological testing were adjusted after the decon procedure
to ensure good laboratory practice requirements in the toxicologica! protocol
outlined in 4.3.2. Toxicology Division determined by oral and inhalation route in
rats, and by the dermal route in rabbits, that tested CSM were detoxified to a
lgve! less than a Class "B" poison using currently approved test procedures as
spelled out in CFR 49 Deparnment of Transportation (DOT) tests. The toxicity
criteria for a class "B" poison are the same as the State of Maryland's criteria for
hazardous wasta.

4.2.2. Hypothesis.

Chemical decontamination of CSM, followed by neutralization and
subsequent oral, dermal and inhalation toxicity lests, will show that the original
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CSM have been decontaminated/deactivated in line with the State's letter to
require that “residues no longer contain materials for which it was listed.

4.2.3. Approach.

The following agent/decon systems are routinely used for
decontamination of listed agents in research quantities. Nmr evidence is given
in Appendix as to the extent of reaction. Note in all cases that the nmr
technique is accurate only to 99.5% destruction. Other analytical procedures
must be utilized for more accurate quantitation.

Agent Recomended Decon Sclution
1. GA,GB,GD, L 10% NaOH
2. GA,GB,GD, L 10% NayCOj
3. GA, GB, GD, 10% Alcoholic NaOH
4. VX 10% Ca{OCl)a (HTH) plus

10% alcoholic NaOH

5. GA, GB, GD, vX 10% Ca(OCl)2 (HTH)
6. GA,GB,GD, HD, L 5.25% NaOQCl
7. HD Concentrated HNO3
8. GB Monoethariolamine, Neat and 25% aqueous

AgenvDecon systems are seiectad on the basis of wide use in Research
Directorate and Research, Development, & Engineering Support Division. Of
the nerve agents, VX is the most difficult to decon by virtue of its reduced
reactivity and solubility relative to the G agents; thus, both a VX/10% Ca(OCl)2
(HTH) plus 10% alcoholic NaOH (standard solution 4 above) and a VX/10%
Ca{0OCl)2 (HTH) (standard solution 5 above) system are reported. The decon of
GB and GD are similar with the exception that GB it is more soluble and
hydrolyzes more rapidly then GD. Extensive toxicological data for GB already
exists. In order to minimize precipitalion during HD decontamination in
research quantities, NaOCl is used as the source of chlorine instead of
Ca(OCl)2.

4.2.4. Step-by-Step Outline of the Decontamination Process. The following are
examples of the general protocol for listed compounds as decontaminated
using accepted protocols at CRDEC.

4.2.4.1. Materials

4.2.4.1.1 10% NaOH Solution: A stock 10wt % NaOH/water solution will be
prepared using distilled water and dry sodium hydroxide pellets of flakas in a
ratio of 100g NaOH to 900g water. NaOH should appear dry and not stick
together. The mixture should be stirred until all NaOH has dissoived.

4.2.4.1.2 10% Alcoholic NaOH Solution: 100 mL of denatured ethyl alcohol

(95%) is added to each 300 mL of the Na(QOH solution described in paragraph
41411,
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4.2.4.1.3 10% NazCQa Salution: A stock 10wt % NaxCOgz/water solution will
be prepared using distilled water and dry sodium carbonate powder in a ratio of
1009 Na;C0Oj3 to 900g water. The NaxCO; should appear dry and not stick
together. The mixture shouid be stirred until all NagCOj has dissolved.

4.2.4.1.4 10% HTH Solution: A stock 10 wt % Ca(OCl)a/water solution will be

. prepared using tap water in a ratio of 100g HTH to 900g water. The HTH
should appear dry and not stick together. The mixture should be stirred until all
the HTH has dissolved. Dry HTH typically contains 55% Ca(OCl)z. Appropriate
additions ot dry HTH must ba made it the HTH contains less than 55%
Ca(OCHz. The amount of dry HTH may be computed by:

[55/percent purity of Ca{OCl)2] X 100g = g of HTH in 900 mL water
In no instance will dry HTH with less thanr 30% Ca{OC!); will be usad.

4.2.4.1.5 Alcoholic HTH Sclution: 100 mL of denatured ethyl aicohol (95%) is
added to each 900 mL of the HTH solution described in paragraph 4.2.4.1.4.

4.2.4.1.6 5.25% NaQCl Solution: Commaercial grade 5.25% strength aqueous
NaOCl is used. The material must be certified, by analysis, to contain > 4.00%
active chlorine before use.

4.2.4.1.7 Concentrated HNO3 Solution: Commaercial concentrated {65-70%)
aqueous nitric acid is used undiluted.

4.2.4.1.8 Monoethanolamine, Neat: Material from supplier (> 95%, such as
Aldrich) will ba use directly without dilution with water.

4.2.4.1.9 25% Monoethanolamine Sciution: A stock 25wt % MEA/water
soiution will be prepared using distilled water and neat liquid MEA in a ratiq of
2509 MEA to 750g water. The mixture should be stirred until all MEA has
dissolved.

4.2.4.2, GENERAL INSTHUCTIONS FOR DECONTAMINATION
4.2.4.2.1 Decon procedures will be conducted at an ambien! temperature
between 20 and 26°C. Solutions will be allowed to come to ambient

temperature before initiation of the decantamination protocol. Temperature will
be recorded.

4.2.4.2.2 Agitation of agent/decontaminant mixture must be maintained for a
minimum of one hour.

4.2.42.3 Agent must be added 1o tha dacontaminant (NOT DECONTAMINANT
TO THE AGENT).
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4.2.4.2.4 Reaction vassel must be large enough and open enough to withstand
substantial exothermic reactions.

4.2.4.2.5 The concentrations of NaOH, NaxCO3 or Ca(OCl)2 solutions
represent the minimum to be used.

4.2.4.3. PROTOCOL FOR DECONTAMINATION OF GA

4.2.4.3.1 GA is decontaminated with the 10% NaOH solution (4.2.4.1.1). GA is
soluble at 7 parts GA per 100 parts water.

4.2.4.3.2 A minimum of 55 grams of decon solution is required for each gram ot
GA. This ratio ensures that there is at least 22 males of base for each mole of
GA.

4.2.4.3.3 Decontaminant/agent solution is allowed to agitate for a minimum of
one hour followed by reaction pericd of 23 hours with total decontamination
assured after the solution has reacted for 24 hours. Agitation is not necessary
following the first hour ¢f the entire 24 hours.

4.2.4.3.4 At the end of 24 hours, the resulting solution should be titrated to a pH
between 10 and 12.

4.2.4.3.5. After completion of the 24 hour reaction period, the decontamination
solution must be treated with excess 5.25% NaQCI! soiution (4.2.4.1.7,
commercial bleach, at least 2.5 mole OCI /mole GA) to destroy the CN- formed
during hydrolysis. For example, 20 g of GA is reacted with 1100 g 10% NaOH
solution, then reacted with 600g 5.25% NaQCI {steichiometric amount at 2.5
mole OCI- /mole GA = 525g of 5.25% NaOCI). This solution is allowed to react
for two hours to ensure destruction of cyanide. Before transfer to sump test for
presence of active chlorine by use of acidic potassium iodide solution give free
iodine color. If negative, add additional 5.25% NaQC! solution, wait for two
hours, then test agaipor active chlorine. Continue procedure until positive
chlorine is given by solution.

4.2.4.3.6. Altarnate solutions for the decontamination of GA. It is permitted to
substitute 10% NaxCQj3 (4.2.4.1.3) for the 10% NaQOH solution above. Continue
with same ratios and the sama time stipulations.

4.2.4.4. PROTOCOL FOR DECONTAMINATION OF GB

42,441 GB is decontaminated with the 10% NaOH solution (4.2.4.1.1). GBis
miscibile with water.

4.2.4.4.2 A minimum of 55 grams of decon soiution is required for each gram ot
GB. This ratio ensures that there is at least 22 moles of base for each mole of
GB.
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4.2.4.4.3 Decontaminant/agent solution is allowed to agitate for a minimum of
one hour. Agitation is not necessary following the first hour.

4 2.4.4.4 Atthe end of one hour, the rasulting solution should be titrated to a pH
greater than 11.5.

4.2.4.4.5, Alternate solutions for the decontamination ot GB. Itis permitted to
substitute 10% NasCO3 (4.2.4.1.3) for the 10% NaOH solution above. Continue
with same ratios but increase the time of reaction from one 10 three {3) hours.

4.2.4.4.6 Alternate solutions for the decontamination of GB. It is permitted to
substitute 5.25% NaOCI| (4.2.4.1.6) for the 10% NaOH solution abgve.
Continue with same ratios and the same time stipulations.

4.2.4.4.7 Alernate solutions for the decontamination of GB. It is permitted ta
substitute 25% MEA (4.2.4.1.9) for the 10% NaQOH solution above. Continua
with same ratios and the same time stipulations.

4.2.4.5. PROTOCOL FOR DECONTAMINATION OF GD

6o
4.2.4.5.1 Gis decontaminated with the 10% NaOH solution (4.2.4.1.1). GD is
miscible with water.

4.2.4.52 A minimum of 55 grams of decon solution is required for each gram of
GD. This ratio ensures that there is at least 22 moles of base for each mole of
GD.

4.2.4.5.3 Decontaminant/agent solution is altowed to agitate for a minimum ot
one hour. Agitation is not necessary following the first hour.

4.2.45.4 Atthe end of one hour, tha resulting solution should be titrated to a pH
greater than 11.5.

4.2.45.5. Alternate solutions for the decontamination of GD. It is permitted to
substitute 10% NasCQ; (4.2.4.1.3) for the 10% NaOH solution above. Continue
with same ratios but increase tha time of reaction from ona ta thrae (3) hours.
4.2.4.5.6 Alternate solutions for the decontamination of GD. It is permitted to
substitute 5.25% NaQCl (4.2.4.1.6) for the 10% NaOH solution above.
Continue with same ratios and the same time stipulations.

4.2.4.6. PROTOCOL FOR DECONTAMINATION OF VX

4.2.4.5.1 Procedure for decontaminating up to 50g of VX,

4.2.4.6.1.1 VX is decontaminated with tha 10% HTH solution (4.2.4.1.4).
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4.2.4.6.1.2 The minimum decontaminating solution t0 agent ratio is 8.25 moles
of Ca(OCl}2 {or each mole of VX. For the 10% HTH solution, 80 grams of decon
solution is required for each gram of VX.

4.2.4.6.1.3 Solution is agitated or stirred for a minimum of one hour. If phasing
of agent/decontaminant persists after 5 minutes, an amount of denatured ethyl
alcohol equal to 10% (weight) of the total agent/decontaminant solution may be
added to assist miscibility.

4.2.4.6.1.4 Upon completion of a minimum one hour agitation, the resulting
solution is titrated to a pH between 10 and 12.

4.2.4.6.2 Decontamination of VX In excess of 50 grams.

4:2.4.6.2.1 A 10% alcohol HTH solution (4.2.4.1.5) is used to decontaminate
50g or more of VX.

4.2.4.6.2.2 Fourteen grams of alcoholic HTH solution is used for each gram of
VX. '

4.2.4.6.2.3 Solution is allowed to agitate for a minimum of one hour.

4.2.4.6.2.4 Upon completion of a minimum of one hour agitation, 10% NaQH
solution is added to the resulting solution in a quantity equal to that necessary
to assure that a pH of 12.5 is maintained for a period of not less than 24 hours.

4.2.4.7. PROTOCOL FOR DECONTAMINATION OF L (LEWISITE)

4.2.4.7.1 Lis decontaminatad with the 10% Alcoholic NaCH solution
(4.2.4.1.2). L is poorly soluble in water.

4.2.4.7.2 A minimum of 200 g of decon solution is required for each gram of L.
This ratio ensures that there is at least 78 moles of base for each mole of L.

4.2.4.7.3 Decontaminant/agent solution is allowed to agitate for a minimum of
one hour. Agitation is not necessary following tha first hour.

4.2.4,7.4° At the end of one hour, the resulting solution should be titrated to a pH
greater than 11.5.

4.2.4.7.5. Alternate solutions for the decontamination of L. It is permitted to
substitute 10% alcoholic NazCO4 (solution 4.2.4.1 3 made up with 10% alcohol)
{for the 10% alcoholic NaOH solution above. Continue with same ratios but
increase the time of reaction from one to threa (3) hours.

4.2.4.7.6 Alternate sofutions for the decontamination of L. It is permitted to

substitute 5.25% NaQC!| (4.2.4.1.6) far the 10% alcoholic NaOH solution above.
Continue with same ratios and the same time stipulations.
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42.4.8. PROTOCOL FOR DECONTAMINATION OF HD

4.2.4.8.1 HD is decontaminated with the 5.25% NaOCI! solution {4.2.4.1.6). HD
is poorly soiuble in water.

4,.2.4.8.2 A minimum of 65 grams of decon solution Is required for each gram of
HD.

4.2.4.8.3 Decontaminant/agent solution is allowed to agitate for a minimum of
one hour. Agitation is not necessary following the first hour.

4.2.4.8.4 At the end of 24 hours, the resulting sclution should be titrated to a pH
between 10 and 12. Test for presence of active chlorine by use of acidic
potassium iodide solution give free iodine color. If negative, add additional
5.25% NaQCl solution, wait far two heurs, then test again for active chlorine.
Continue procedure until positive chlorine is given by solution.

4.2.4.8.6. Alternate solutions for the decontamination of HD.

4.2.4.8.6.1. HD is decontaminated with the 10% Ca(QCl)z solution (4.2.4.1.4).
HD is poorly soluble in watar.

4.2.4.86.2 A minimum of 65 grams of decon solution is required for sach gram
of HD.

4.2.4.8.6.3 Decontaminant/agent solution is allowed to agitate for a minimum of
one hour. Agitation is not necessary following the first hour.

4.2.4.8.6.4 Althe end of 24 hours, the resulting solution should be titrated to a
pH between 10 and 12. Test for presence of active chlorine by use of acidic
potassium iodide solution give free iodine color. it negative, add additional
10% Ca{OCl)2 solution, wait for two hours, then test again for active chlorine.
Continue procedure until positive chlorine is given by soiution,

4.2.5. Analysis.

NMR analysis is performed 10 characterize the products formed, however
the techniques are not sensitive enough to determine trace amounts of agents
(< 0.5%).

4.25.1 3P NMR.

The GA, GD. and two VX decon products will be analyzed by 3'P NMR.
Samples will consist of 0.510 1 mL in 5 mm NMR tubes. Spectra will be
recorded on a Varian XL-200 Superconducting FT-NMR Systam operating at 81
MH2z in an unlocked mode. Spectra wilt be obtained at probe temperature (ca.
21°C), using phosphoric acid (85%) as the externa!l referance. The chamical
shitt values (8) determined are good to better than - 0.1 ppm. Data will be
accumulated from 2 to 18 hours depending on signal-to-noise levels. All
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spectra will be obtained using a pulse width of 3 usec (33 degree). a sweep
width of 20 KHz, an acquisition time of 1.6 sa¢, and a pulse celay of 2.5-3.3 sec.
Grated decoupling will be used to seliminate any nuclear Overhauser effects,
and quantitative data will be obtained by digital integration of the peak areas.
Detectable limit: 200ug of agent/mL of original dacon solution.

4.2.5.2 13C NMR.

The HD decon product will be analyzed by 13C NMR. Samples will
consist of 0.510 1.0 mL in 5 mm NMR tubes. Spectra will be recorded on a
Varian XL-200 Supsrconducting FTNMR System operating at 50 MHz in an
uniocked mode. Spectra will be obtained at probe temperature (ca. 21°C),
using tetramethylsilane (TMS) in chloroform as the external reference. The
chemical shift values () detarmined are good-fo better then -0.1 ppm. Data will
be accumulated from 2 to 18 hours depending on signal-to-noise levels. All
spectra will be obtained using a pulse width of 3.5 usec (33°), a sweep width of
12 KHz, an acquistion time of 1.6 sec, and a pulse deiay of 2.5-3.0 sec. WALTZ
decoupling will be used for full proton decoupling, and Quantitative data will be

-obtained by digitai integration of the peak areas. Detectable limit: 0.5-1mg of

agent/mL of original decon solution.
4.2.5.3 Potassium iodide test for active chlorine.

Place roughly 3 mL decon solution in a small erlenmeyer flask. Add

. several crystals of potassium icdide and swirl to dissolve. Using a small

graduated cylinder rapidly add about 3 mL of a 50 wt.% sulfuric acid/water and
swirl. An immediate icdine red color shows the presance of active chlorine.
{NOTE: A gradual appearance of red indicates air oxidation of the potassium
iodide and not chlorine. To be considered positive the red color must appear
immediately upon addition of the acid mixture.)

4.26. Data Storage
Test data will be recorded in offictal CRDEC notebooks.
The data recorded will include:

a. Complate record of chemical substances used to include iot
number and manufacturer.

o

. Starting purity of the chemical agents.

(2]

. Quantities of chemicals and agents used.
d. Time allowed between adding agent and neutralizing decon.
a. pH after decontamination step and after neutralization step.

t. Anaiysis of products.
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g. Record laboratory temperatures during decon step.
i. Any problems that arise and how problem was solved.

j. Any changes necessary to the procedures spelled out in this
protoco! will be documented.

4.3 Toxicology Protocols - Current
4.3.1 INTRODUCTION

The Good Laboratory Practicas (GLPs) were the first significant
requlations implemented without a preceding catastrophe that had impacted on
the health and safety of the American public. Although considerable data were
falsified and misrepresented prior to the implemantation of the GLPs, there is no
documentation that products registered or approved using the faulty data,
caused any significant harm 10 the public.

The first Pure Food and Drug Law passed in 1906 resulted from the
contamination and filth exposed in the meat packing industry (see Upton
Sinclair, The Jungle), foods adulterated with chemical preservatives (Dr, Harvey
Wilay's Poison Squad), and quack remsdies. This law, aiso kngwn as the Wiley
Act, prohibited the manufacture and interstate shipment of adulterated and
misbranded foads and drugs.

In 1938 the Federal Food, Drug, and Cosmetic Act (FFDCA) was passed,
prompted in part from the Elixir Sulfanilamide episode in 1937 that had resulted
in over 100 deaths. Aithough sulfanilamide tablets and powder had previously
been used safely and effectively for tha treatment of streptococcal infections, the
elixir, in diethylene glycol (antifreeze) had not been tested for toxicity, nor was it
a requirement by law at that time. The 1838 FFDCA required that drug
manufacturers provide scientific proof that new products were safe for use
before they could be marketed.

Following the thalidomide tragedy in Europe, whera thousands of
deformed infants ware born to mothers who had taken this new drug, the 1962
Kefauver-Harris amendment was passed. This served to strangthen the FFDCA
by requiring that not only safety had to be demonstrated for any new drug, but
also efficacy. Additionally, adverse reactions were fo be reported, advertising
had to be accurate and complete, and Good Manufacturing Practices
Regulations (GMPs) were astablished. The GMPs set standards for plant
facilities, their maintenance, and laboratory controls in an attempt to prevent
errors or accidents that could harm consumers.

Compliance with GLPs, although cumbersome to implement and
considered a nuisance and waste of time by some study directors or principal
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investigators, can really be advantageous in the management and validation
leading to the acceptance of the study by regulatory agencies and peers.

The GLPs are herae to stay and most laboratories have or are
implemanting them. The key to their successful implementation and execution
is to participate, document, and validate. The magst recent GLPs of December
28, 1987 are in Appendix 8.2.1.

4.3.2 TOXICOLOGY DIVISION GLP COMPLIANCE MEASURES

The management of Toxicology Division established a Quality Assurance
Unit 1o implement Good Laboratory Practice standards in all studies performed
by the division. QAU personnel consists of two individuals who are responsible
for many tasks reiating to each study. The GLP standards impact many areas
including : management’s responsibility, maintanance of the physical plant,
(especially animal care and laboratory facilities), personnei, equipment
maintenance and calibration, SOP's , test and control substances
characterization, handling and storage, the study protocol and conduct, and
reparting and record retention.

The specific tasks assigned to the Quality Assurance Unit are detailed
below. The protocol for the study is reviewed by the QAU to assure that the
study director has suitably addressed the study parameters listed in the act. All
protocols are.maintained in the office of the QAU while studies are in progress.
Copies of Standard Operating Procedures (SOP) for laboratory and facility
operations are raviewed when prepared and maintained by the QAU. A Master
Schedule is maintained which lists and details pertinant information for each
- Study. The schedule is periodically updated and treated as raw data. All
studies are subject 1o inspection of criticai phases by the QAU. The inspecticns
are beneficial in identitying problems and recommending actions to resoive
them. They ailso serve as a mechanism to notify management when problems
exist which may affect the integrity of the study. The QAU is tasked with
detarmining that no deviations from approved protocols and/or SOP's were
made without proper documentation. The final report of the study is reviewed
by the unit to assure that the report describes the methods used to genarate
data and that the results reported accurately reflect the raw data. The standards
require the QAU to prepare a statement for inclusion in-the final repornt which
documents when inspactions were made and the findings of the same reported
to management and the study director. An archive for retention of raw data and
documents required to validate the study is maintained by the QAU. The statute
mandates retention of records for at least ten years foliowing conclusion of the

sludy.

4.3.3 ARCHIVE RECORDS
CRDEC has reviewed the toxicology data base of unpublished data

going back to the early 1960's to determine its applicability 10 address the
current issues.
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The data coilected and presented in summary form are found in
Appendix 8.2.2. This table indicates that the lethal-dose 50 (LDsq} of the test
samples are greater than those considered hazardous waste. This indicates
that decontaminaled solutions tested were less toxic than the COMAR criteria
10.51.02.08. The methods used to generate the toxicity data in our laboratories
{ollow the guidelines as described by the Depariment of Transportation (DOT),
the Food and Drug Administration (FDA) Federal Hazardous Substance Act
(FHSH). For the current tests, the protocols utilized at CRDEC are contained in
the Appendix and canform to the Department of Transportation requirement for
class "B” poison, also defined in Appendix 8.2.4. The detailed chemical
reactions of the current standard operating procedure for
decontamination/detoxification are described in the Sections 4.1 and 4.2 above.

Decontamination procedures for iethal chemical warfare agents have
been fuily developed by the research staff of CRDEC. A comprehansive
literature survey is presented in Sec. 4.1. This survey covers the experimental
decontamination procedures examined in the laboratories for the destruction of
chemical agents. Edgewood Arsenal Technical Report EATR-4755 (Owens, et
al, 1973) utilized some of the exparimental methods described in the litarature
survey on deconned agent samples provided by the Chamical Process
Laboratory and the resulting toxicities were determined.

Lewisita, an arsenical vesicant produced for World War Il, subjected to
basic solutions decomposes to the inorganic arsenite, chioride and acetylene.
The chemical literature of the early 1940's reported these studies in detail,
Waters and Willians (1950). The chemical literature of the arganometallic
arsenic compounds of Lewisite has been reviewed by Doak and Freedman
(Organometallic Compounds of Arsenic, Antimony and Bismuth, John Wiley &
Sons, Inc., New York, 1970, p. 65, 89- 30, 103-104, 109-110).

In practice, 10 assure fasi and compleie destruction of the toxic agents, a
large excess of the decontaminant is used, so that, the agent is always present
in concentrations that would assure the reactions would proceed with rates
similar to, if not the samae as, the first order reaction rates. Before the wasles are
disposed of they are checked to insure that active decontaminant remains in the
spent solutions. These waste are then transferred by a number of mechanisms
(i.e. transfer in steel drums or by closed waste drain lings) to a waste collectians
system for ultimate disposal. We have found no record of adamsite (K996) use
or decontamination, howeaver, incineration appears to be the detoxification
method of choice. There was also no toxicological data found for
decontaminated GD (KS93). Howevaer, its chemistry is well defined and
detoxification is accomplished by hydrolysis.

Decontaminaled GA (K991) (Appendix 8.2.2) indicates that the LDsgg is
less than SO mg/kg by the oral route suggesting it is a hazardous substance
orally, but not dermally. Our records show that GA in this experiment was
detoxified to produce sodium cyanide which couid account for the gral toxicity.
The standard procedure now used at CRDEC provides for destruction of the
cyanide by oxidation with sodium hypochilorite subsequent to hydrolysis.
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Agent T (K998} is a mustard and was not used as a separate filling in
munition. Howaver, agent T is found as a mixture/solution with HD and is listed
as HT. Therefore, separate agent T (K998) is not applicable and should be
delisted.

4.3.4 RESULTS OF CURRENT TESTS

Recently CRDEC identified three decon solutions for further testing.
These ware VX/10% Ca{OCl)p, GD/10% NaOH, and HD/5.25% NaOCl and
wera tested in rabbits dermally and in rats by the oral and inhalation routes
according to the protocols in the Appendix. These 48 hour DOT tests require
that if 4 or fewar of a group of 10 animals (5 of each sex) die during the test, the
test is negative. Thatis, it is less than a class B poison. If S or more die, the
material wouid be listed as a ctass B poison, and thus a hazardous waste.

The dose levels used wers 0.2 ml/kg dermally in rabbits, 0.05 mL/kg
orally in rats, and a target concentration of 2 mg/kg by inhalation in rats.

Resuilts: None of the animais died in thesa tests. The results are
presentad in the following table.

Materlals and 48 Hour Mortality

Species Dose VX/Ca(OCl)z GD/NaOH HD/NaQCl
(route) mi/kg # Doad/#Tested # Dead/#Tested # Dead/#Tested
rabbit? 0.2 0/102 0/10 o/10b
(dermal)
rat! 0.05 0/1Q 0/10 0/10
(oral)
rat2 10mg/L (M) 0/5¢
{(inhal) 10mg/L (F) 0/5¢

6mg/L (M) 0/5

7mgiL {F) 0/5

13mg/L 0/5¢

18mg/L 0r5¢

2 Mild skin irritation observed in 4 of 10 rabbits prior to 24 hours with
VX/Ca(QCl)z which disappeared by 48 hours.

b Mild skin irritation observed in 10 of 10 rabbits atter 24 hours with HD/NaQC!
and persisted for 48 hours.

¢ During axpasure to VX/Ca(QCl); and HD/5.25% NaOCI the rats appeared to

be lethargic and showed signs of mucous membrane irritation. These effects
ware present only during the exposure. - :
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' Notebcok referance 88-0005, pages 4-13.

2 Notebook referance 87-0128, pages 18-33.
Note: Although no deaths occurred in any of the tests conducted, the

concentrations generated for the inhalation exposures far exceeded the target
of 2 mg/L and may in part explain the obsarvations reported.

Page 4-39



BLANK PAGE

PAGE 4-40



5.0 ANALYTICAL METHODS
5.1 Introductlion

Decontamination studies generally are conducted to determine the rate
of reaction of a chemical warfare agent with a known decontaminart in a wali
defined media. These studies require that the systems under investigation be
amenable to analysis of either the starling materials or their reaction
byproducts. In most cases the rate of disappearance of tha chemical agent was
selacted since oxidation reactions in general are difficult to study by examining
the reaction byproducts. The analytical methods amployed were calibrated for
the systems and would not as a general rule be methods of analysis for a broad
spactrum of conditions. Methods such as Ultraviolet adsorplion spectrometry
were commonly used, since the chemical agents have an absorption and the
reacticn products do not. These techniques were espacially useful is studying
the very fast reactions indicative of the G-Agents with strong basic sqlutions.
When the Chemical Demilitarization Project Officer (Demil PO) was astablished
in the late 1960's, these methods of analysis used for decontamination studies
were not acceptable to the regulatory agencies establishad to ovarsee and
approve these disposal operations. As a resuit CRDEC in concert with the
Demil PO, investigated a number of altemate methods of analysis suitable for
these opearations. Due to the uniformity of demil operations, the analytical
methods used, to contral and validate these disposal process, could be tailored
and made specific for the disposal process. The methods reviewed in this
presentation cover classical visible/ultraviolet, fluorescence and enzymatic
colorimetry, chromatography including thin layer, high performance liquid, and
gas/liquid, in addition to specialized methods used in the demilitarization
operations. No review of anaiytical methodology would be compiete without
adequate discussion of the sampling and clean-up procedures, and some
assessment of the quality of the results based on established standards and
good laboratory practices.

5.2 Chromatographic Analysis
5.2.1 Gas/Liquid Chromatography (GLC):

A review of analyticat procedures for GB and VX by Crabtree and
Sarver>-1 provides an acceptabie discussion of using this instrumental methods
of analysis. There has been little change in the instrumaentation since this
review. Several unique arrangements of specific detectors have improved
there sensitivity; however, thesa improvemants are not measured in orders of
magnitude, but within the same order. Packed column technology was used
routinely at time of the review and not references to capillary wall coated open
tube (WCOT) colums were available at thal time. This advancement has been
incorparated into most of the methads used in the demil oparations. Southern
Research under contract to U.S. Army Toxic and Hazardous Materials Agency
(THAMA) developed a series of methods for analyzing the chemical warfare
agents GB, VX, and HD5-2,
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5.2.2 Sampling and Clean-up Techniques for GLC:

Detection and gquantification of the Chemical Warfare Agents GB, VX, HD,
and L in strong solutions, used for laboratory decontamination, where the agent
is always presence in vanishingly small quantities presents unique sampling
problems. In order to demonstrate the eftectivenaess of the sampling procedure
and ultimately the decontamination process, a modified quench process is
used. This procass requires neutralization of the decontaminant followed by
axtraction of the nautralized solution with an agent laden extraction solvent. If
the agent is then recovered and quantified, the analytical method is considered
to be adequate to determine rasidual agent in the neutralized decontaminant.

In the case of GB, salt has to be added to the neutralized decontaminant to
saturation so that the extraction efficiency (64%)3-2¢ is favorable to the organic
solvent. Procedures for doing this type analysis for GB, VX, and HD are given
by Smith and Fowler5-2. In the late 1970's, Southern Rasearch under contract
to THAMA developed a sries of air manitoring systems based on the use of solid
sorbent bed sampler, the Automatic Chemical Agent Air Monitoring System
(ACAMS).5-3b This effort along with those under the CRDEC Depot Area Air
Monitoring System (DAAMS) program have lead 1o the deveiopment of highly
sensitive and specific methods of analysis for the CW agents, HD, GB, and VX.
Employment of these methods require the modification of the Injection Port of
commaercially available GLC's. Once this has been accomplished the extract is
loaded on the sorbent bed by aspiration from a glass wool plug containing the
agent laden extract. The plug is removed, and the glass tube containing the
sorbent bed is thermal blackflushed by the GC carrier gas onto the analytical
GLC column. For the listed CW agent HD, GB, and VX, the gas chromatograph
is equipped with a Flame Photometric Detector (FPD). These methods work
well in the low 10 madium uitra-trace (PPB) levels. Al present no aquivalent
method of analysis is available for Lewisile, however, several excellent projects
carried out by S. F. Hallowell and P. C. Bossle have resulted in numerous
approaches using both GLC and other types of chromatography and
instrumentation that could ullimately lead 1o a specific and sensilive method of
analysisS-6.

5.2.3 Other Chromatography Methods:

5.2.3.1 Thin Layer Chromatography. Crabtree and Sarver5-1 contains a
good review of this method. Ouae to the inherent lack of good sensitivity of this
method, no further discussion is approprniate.

5.2.3.2 High Performance Liquid Chromatography Methods. BossleS7.
5-8 and 5-9 hag developed a direct method of analysis for Mustard, HD, and
Lewisite, L, and hydrolysates in aqueous solutions which is effective in low
PPM's to the high PPB's. These meathods are based on reverse phase
chromatography using spectrophotomeiric and electrochemical detection.
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ummary of Data

1 Ethyl dimethylamidocyanophosphate (GA, Tabun)
2  lIsopropyl methylfluorophosphonate (GB, Sarlin)

3 Pinacolyl methyifluorophosphonate (GD, Soman)
4  O-Ethyi-S-(2-dilsopropylaminoethyl)

methylphosphonaothioate (VX)

5 Chlorovinylarsine dichloride (Lewisite)

6 Phenarsazine chloride (Adamsite)

7  Bis(2-chloroethyl) sulfide (HD, Sulfur Mustard)
.8  2,2'-di(3-chlorcethylithio)-dlethylether (T)

Introduction

In practice, to assure fast and completa destruction of the toxic agent(s), a
large excess of the decontaminant is always used; thus the agent is always
present in concentrations that would assure the reactions would proceed with
rates similar to, if not the same as, the first ordar reaction rates.

6.1 Ethyl dimethylamidocyanophosphate (GA, Tabun)

GA is routinely decontaminated with 10% sodium hydroxide solution (sae
Section 4.2). This reaction is extremely fast (estimated half-life < S sec) and
rapidly releases cyanide. The sacond step in the decon procedure is the well
known reaction of cyanide with hypochiorite (Kirk-Othmer Encyclopedia of
Chemical Technology. 3d Edition. Vol. 7 John Wiley and Sons, New York, New
York, 1979, pages 316-7) to form nitrogen gas. Thus the overall decan reaction
fakes place in two steps according to the following reaction:

0 o]
l H,0 l
El0— |!:»— CN + 2NaOH ——b Elo—?— ONa  + NaCN + H;0
N N
N PN
CH, CH, CH3 CH,y
H,0

2°CN +50Ct+20H ——»" N, + 2C0," +5°Cl + H0

GA is also rapidly deconned {10 half-lives of destruction in 30 minutes or less)
using sodium carbonate solutions, aqueous solutions of hypochlorite, and
alcoholic sodium hydroside (see Appendix B.1.9-8.1.12. Please note that the
nmr @xperiment as zr=senled s designed to show the products of phosphorous
hydrolysis. Althous- -=ut ne prccedure is 1o treat the solution with hypochlorite
following hydrolysis ~ 1~e second step, this nmr experiment is not designed 1o
observe cyanide. 7. 'me equalion showing lhe stoichiometry of the reaction
in 8.1.9-8.1.12 is regr=sentative anly of tha first step, the procedure where the
measurement is vai.d ) The deccntamination is also quite rapid when caicium
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hypochiorite is used in conjunction with organic emulsions (the German C8
emulsion). Toxicolegical tests (see Appendix) of GA detoxified waste show Oral
LDsg values < 50 mg/kg (Rat, probably due to presence of cyanide in the
solution tested) and Dermal LDsq values of > 200 mg/kg (Rabbit). The present
procedure at CRDEC is to treat the decon solution, following hydrolysis, with
hypochlorite to destroy the cyanide.

6.2 Isopropyl methylfluorophosphonate (GB, Sarin)
Extensive data exists on the decontamination of GB. This reaction is

extremely fast (estimated half-ife < 5 sec) and rapidly releases fluoride
according to the following reaction:

CHy © H,0 CH,

0
1 . 1
H$—O—T‘—F + 2NaOH —a= H+O-T—ON3 + NaF + H,0
CHy  CH, CHy  cn,

GB is routinely decontaminated using 10% sodium hydroxide, 10% sodium
carbonate, 5.25% sodium hypochliorite, neat monoethanolamine, and by a 25%
aqueous monoethanolamine. The decontamination is also quite rapid when
calcium hypochlorite is used in conjunction with organic emulisions (the German
C8 emulsion). Toxicological tests (see Appendix) of GB detoxified waste show
Oral LDgq values > 50 mg/kg (Rat) and Dermal LDgg values of > 200 mg/kg
{Rabbit). Because of the extensive work in the Demil program with GB,
additional tests show QOral LDgg values 566 mg/kg (Rat- 24 hr), 271 mg/kg
(Rat- 14 day) and Dermal LDsq values of > 200 mg/kg (Rabbit). In all cases nmr
analysis of product formation {see Appendix) confirmed earlier work showing
the speed of decontamination (10 half-lives < 5 minutes).

6.3 Pinacolyl methylfluorophosphonate (GD, Soman)

The chemistry of GD is very similar to that of GB, both in reaction kinetics
and product formation. The product phosphonic acid differs from the GB
products only in the aicohol portion (pinacoy! rather than isopropyl) according to
the following reaction:

CH, o CH 0
" I L
Q=—=P=—=F . ZNaOH ——w O—P—ONa + NaF + H;0
CHJ CH CHJ CH] CHJ
CH, 3 CHs CH;,
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GD is routinely decontaminated using 10% sadium hydroxide, 10% sodium
carbonate, 5.25% scdium hypochlorite, neat monoethanolamine, and by a 25°%
aqueous monoethanolamine. The decontamination is also quite rapid when
calcium hypochiorite is used in conjunction with organic emulsions (the German
C8 emuilsion). There was no extensive toxicological data found for
decontaminated GD (K393). Howaver, its chemistry is well definad when
detoxification is accomplished by hydrolysis. Toxicological tests (see Appendix)
of aqueous hydroxide GD detoxified waste show Qral LDsp values > 50 mg/kg
(Rat) and Dermal LDsg values of > 200 mg/kg (Rabbit). In aif cases nmr
analysis of product formation (see Appendix) confirmed earier work showing
the speed of decontamination {10 hall-lives < 5 minutes}.

6.4 O-Ethyl-S{2-diisopropylaminoethyl) methylphosphonothloate (VX)

VX is more resistant to cleavage by bases than GA, GB, and GD and
treatment with strong base (hydroxide) and/ar hypochlorite for longer reaction
pariods is the recommended procedura. This reaction is moderate (estimated
half-life < 900 sec) and releases the thio fragment in a similar mechanism o that
observed for GA, GB, and GD, as shown below:

El0=P—~S§""\_-N_+2Na0H ——» EIO—P—ONs + Nas—\_-N + H,0
I NP ! NPy
CHy CHy

¥X

One major concern with VX 1s ils reduced solubility in aqueous solutions, thus
alcoholic co-solvents are recommended during the decontamination reaction of
quantities greater than 50g9. Treatment of dilute VX with aqueous hypochlorite
reacts at phosphorous 1o give ethyl methylphosphonic acid, shown in the
reaction below:

c
o iPr +9'0C1 H0 " /P
n -P=0" H
- s"\,N' » EO-P-0 + H.N\Ipr + 5H,0
} Nipr CHy
CH, + 7T0OH -
VX + 3010 » SO, "+ 2C0,

In the reaction of VX with alcoholic 10% sodium hydroxide the hydrolysis is
similar to hydrolysis using hypochiorite. In extensive studies related to large
scale Demil procedures, treatment of VX produces the biproduct from the “bis’
impurity to yield waste which is initially tested as toxic by intravenous injection,
weakly toxic by orat administration, but exhibits no dermat toxicity. The
biproduct is a non-volatile crystalline solid, miscibie in water and aicohol, and
was not considered a vapor hazard. Thus ne inhalation expenments were
performed. The reacticnis thought to occur as shown:
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o) o IPr 0
—-p— N — = Q=P—5 + EO-P—O0"
EtO r 3/\/ “\ipr | NPr 1
L T CH, CH,

Data at CRDEC indicates that this "bis" impurity is formed to the extent of about
1Q% during alccholic base hydrolysis and is slowly hydrglyzed at pH > 13, thus
even when formed it is converted to the less toxic fragments from cleavage of
the P-S bond. Use of the acid chiorinolysis procedure (suitable for large scale
decontamination related to Demil, but difticult to periorm safely on a laboratory
scale) yields a clean hydrolysis product with cleavage at the P-S bond of VX 1o
produce decontamination products which contain no "bis” impurity and which
1est non-foxic in animal screens. Exposure of VX 10 excess base and
hypochlorite (as outlined in Section 4.2.4.6) indicates that the "bis" impurity is
not formed during the reaction. A solution used for toxicological tests resulting
trom decontamination of VX with 10% caicium hypochlorite according to the
protocol given in Section 4.2.4.6 showed > 99.5% VX destroyed (nmr analysis)
and the products are the expected ethyl methylphosphonic acid salt (again nmr
analysis) and no "bis” impurity or "pyro® signal. This solution, when tested in
the standard toxicologica! protocol (Section 4.3.4) is non-toxic (See also
Appendix). Therefore the recommended decon for VX, as outlined in Section
4,.2.4.6, is for reaction of VX with calcium hypochlorite solutions.

6.5 Chlorovinylarsine dichloride (Lewisite)

Lewisite, an arsenical vesicant produced tor World War ||, subjected to
basic solutions decomposas 1o the inorganic arsaenite, chloride and acetylene.
Lewisite, in 10% aqueous base, is extremely fast (estimated half-life < 5 sec)
and rapidly releases acetylene and inorganic arsenite according 10 the
following reaction:

CICH=CHASsCI3 + 68 NaOH — NaaAsOa + 3 NaCl + HoC3 + 3 H20

The chemical literature of the early 1940's reported these studies in detail, the
classic work being that of Waters and Willians {1950). The chemical literature
of the crganometallic arsenic compounds of Lewisite has been reviewed
extensively by Doak and Freedman (Organometallic Compounds of Arsenic,
Antimony and Bismuth, John Wiley & Sons, Inc., New York, 1970, p. 65, §9- 90.
103-104, 109-110). This base reaction is so rapid that it is difficult 10 analyze a
decon solution of Lewisite rapidly enough by most analytical techniques 10
show any residual agent. Preparation of the decon reaction in preparation for
nmr analysis immediately causes effervescence {acetylene production)
followed by a spectrum that contains no Lewisite and also no organic signais
(See Appendix). In all cases nmr analysis of product ‘ormation (see Appendix)
confirmed earlier work showing the speed cf decontamination (10 hall-lives < 5
minutes). Since there has been very littte interest in this agent since WWH little
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recent work at CRDEC has been performed and a minimum of waste is
generated.

6.6 Phenarsazine chioride (Adamslite)

Wae have found no record of adamsite (K996) use or decontamination at
CRDEC, howevaer, incineration appears 10 be the detoxification method of
choice.

6.7  Bis(2-chioroethyl) sulfide (HD, Sulfur Mustard)

As stated in the review of mustard chemisiry above (Section 4.1), this
agent reacts with water and aqueous hydroxide at similar rates and this
procedure is not considered acceptable. The only exception to this general rule
is the standard use of DS2 for field expedient decontamination. This base
reaction reacts rapidly with mustard to form diviny! sulfide with a half-life of < 30
sec. This solution is not usually used form deliberate decon as its capagcity is
- low and it is extremely corrosive to equipment, although the method is fast.
Since WWI the preferred way to decontaminate solutions of mustard or mustard
analogues is to oxidize them with chlorine oxidants. The use hypochlorite
oxidation is rapid and characterized by production of numerous products. Nitric
acid oxidation, suggested in the archival literature, rapidly produces only
mustard sulfoxide as its decon product. Because of expense, kinetics and ease
of usa hypochlorite oxidation is now the standard delibarate decon methad
used against mustard. Nmr analysis of mustard decontaminated with
hypochlorite show at least 20 products, however, greatsr than 99.5%
destruction of mustard. Numerous studies have shawn that in the presence ot
excess chlorine oxidant that mustard is rapidly destroyed to multiple products
which are non-toxic in the usual toxicological tests (see Appendix).

6.8 2,2-di(3-chloroethylthio)-diethylether (T)

Agent T (K99B) is a mustard and was not used as a separate filling in
munitions. However, agent T is found as a mixtura/solution with HD and is
listed as HT. Although T has not been studied as a separate agany, its
chemistry is very close 10 mustard and therefore all the discussion appticable for
H should be comparable to T (A similar situation exists in comparison ol GB with
GD. Aithough a slightly different structure is involved the reactions are found to
be very similar and usually differ only in solubility parameters and siight
differences in kinetic rates.).
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7.0 Summary

in September 1987, the State of Maryland requested that CRDEC
demonstrate that residues from dacontamination of chemical warfare agents
used in research contain no chemical agents. This information wouid be used
to make a determination as tc whethar the decontamination procedures
resulled in wastes than can be excluded from current regulation.

Specifically, the State of Maryland requested a detailed description of the
actual decontamination proceduras used on laboratory materials, including
step-by-step outline of the dacontamination procass, identity of the specific
decontaminating solution used for a given CW agent, the theoretical chemical
basis far a given decontaminating action, and the concentrations, time and any
other parameters that influence the degree which the reaction goes to
complstion. In addition, the State requested documentation that
decontaminated wastes used for loxicology tests are equivalent to those
resulting from the actual decontamination process and well as documentatlon
that toxicological tests {ollow generaily accepted practices.

In response to these issuas this document supports the basic premise
that these decontamination reactions are well understood and documented. Do
theoretical chemicatl calcuiations support claims that agents plus
decontaminants yieid products that no longer contain agents? They do.
Reaction energies, reaction kinetics, chemical equilibrium, laws of
thermodynamics, material balance and other mathematical considerations
indicate that A + 8 do indeed equal C + D (Section 2). In addition, product
analysis procedures indicate that the quantity of CW agents remaining following
decontamination are below detactable limits {Section 5) and new analyticai
techniques are constantly being incorporated to improve the sensitivity,
accuracy and speed of these determinations.

Are oider decontamination procedures, which used different reagents,
equivalent 1o today's protocols and reagents? In most cases, yes. For example,
when using sodium hydroxide or sodium carbonate, the reactive
decontaminating moiety in both cases (see discussion in Section 3} is the
hydroxylion ("OH). In the search for the most efficient procedures, numerous
systems have been investigated (extensively documented in Section 4.1). Over
the years several procedures have been shown to be consistently efficient
against a broad range of agents, and these procedures are now tha acceptsd
"standard" for routine decontamination, although the search continuas for more
efficient techniques. Incorporated into this document are specitic examples of
the procedures utilized in present decontamination procedures against listed
CW agents (Section 4.2).

Do analytical resuils and toxicological data substantiate complete
destruction of chemical agents when decontaminated? Yes. Extensive
information accrued since 1918 provides incontrovertible scientific evidence of
dacontamination efficacy. As can be seen from the specific examples given in
Section 4, information exists on proceduras where the decontamination solution
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are analyzed both chemically and via toxicological methods. Those solutions,
which are certitied to contain no remaining CW agents are the ones which aiso
show minimal toxicity in toxicological examination accepted by the industrial
and regulatory communities. Thus, both chemically and toxicologically, these
processes have demonstrated that no CW agent remains.

The extensive decontamination exparience and comprehensive data
bases at CRDEC have underwritten huge demiiitarization projects in the past.
In all casas, decontamination and disposal projects for agent-iilled munitions
were executed safety, without untoward incident, and in total compliance with
avery prevailing environmental and human safety striciure and concern. In
addition, the concern for ensuring safety has lead to adoption of large margins
ot satety into these procedures. Once thaoretical parameters are determined,
excess decontaminant is utilized as a margin of safety. Therefore, protocols
today are even safer than those used in previous years. These and other facts
enumerated in detail in this document provide ample evidence that current
decontamination protocols and procedures are safe, scientific, and rasult in the
total destruction of chamical agents.
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NMR Data
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FIFRA AND TSCA
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8.2.2 SUMMARY TOXICITY DATA ON
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December 28. 1987

Part il

Environmental
Protection Agency

40 CFR Parts 160 and 792

Federal Insecticide, Fungicide and
Rodenticide Act (FIFRA) and Toxic
Substances Control Act (TSCA); Good
Laboratory Practice Standards; Proposed
Rules
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48920 Federal Register / Vol.

52. No. 248 / Mnnday. December 28. 1987 / Proposed Rules

ENVIRONMENTAL PROTECTION
AGENCY

4Q CFR Part 180

{OPP-200148; FAL J248-5)

Federsl Insacticide, Fungicide and

Rodenticide Act (FIFRA) Qood
Laboratory Practice Stancards

AQENCY: Environmental Protection
Agency (EPA).
AcToN: Propased rule.

sumMmany: EPA is proposing to expand
the scope of the FIFRA Good Laboratory
Practice [GLP) Standards by requinng
GLP compliance for testing conducted in
the field and lor such disciplines of
teating as scological effects. chemical
fate. residue chemistry, and. e required
by 40 CFR 158.180. product performance
(efTicacy testing). EPA i3 proposing thu
amendment in order to ensure the
quality and integrity of all data
submilted to the Agency in conjunction
with pesticide product registration, or
other markeling and research permits.
E.PA is also proposing lo amend the
FIFRA GLPx to incorporate many of the
changes made by the Food and Drug
Administralion (FDA} to its GLP
regulstions.
DATE: Submit wntten commenis on or
belore March 28. 1588,
ADORESS: Submil written comments.
identified by Lhe documeni control
number (OPP-300183). by mail to:
laformation Services Section. Program
Management and Support Division (TS-
757C). OfMice of Pesticide Programs.
Environmental Protection Agency, ¢ M
St. SW.. Washington, DC 20480, In
person. deliver comments to: Rm. 238,
CM -2 1921 Jefferson Davis Highway,
Arlington, VA

Information submitted in any
comment cancerning this proposed rule
may be claimed confidential by marking
any part or all of that information as
“Confidential Business Information™
(CBI). Information so marked will not be
disclosed except in sccordance with
procedures set forth in W CFRPart 2 A
copy of the comment that does net
contain CBI must be submitted for
inciusion in the public record.
Information not marked confident;al
may be disciosed pubhicly by EPA
withoul pnor notice 10 the submutter. All
wniien commenis will be available for
public inspeciion in Rm. 238 a1 the
addresa gpiven above. from8am.to 4
p-m.. Monday through Fnday. excluding
legal holidays.
POR FURTHER INFORMATION CONTACT:
Daniel A. Helfgon. Office of Comphance
Momlonng (EN-342). Rm. E-707B. «01 M

5t. 5\W., Washington. DC 204560,
Teclephone: (202) J82-7825.

SUPPLEMENTARY INFORMATION:
Following s sn index to the remainder
of this preamble:
I. Introduction
A. Lagal Authoruy
B Background
C. Canmistancy With FDA CLP Regulstions
D. Proposed Changes to the FIFRA CLP
Regulaton
. Economic Anslysis
Il Statutory Requirements
[V Other Regulstory Raquirements
A Executive Order 12200
B. Regulatory Flexibilny Act
C Paperwork Reduction Act

1. Introduction
A. Legal Authority

These standards are promulgated
under the suthonty of sections 3. 8, 8, 8,
18. 24(c). and 25(a) of the Federal
Insechcide. Fungicide. and Rodenticide
Aci [FIFRA} 7 U.S.C. 116 et seq..
sections 408, 409, and 701 of the Fedaral
Food. Drug, and Cosmetic Act (FFDCA).
21 1.5.C. 301 et 1eq.. and Reorganization
Plan No. 3 of 1970.

8. Background

EPA originally published enforceable
FIFRA Cood Laboratory Praclica
Slandards in the Federai Registar of
INovember 29. 1983 (48 FR $3448), which
were codified as 40 CFR Part 160. At the
same {ime, EPA published GLP
standards applicable to testing required
under the Toxic Substances Contro) Act
(TSCA. 48 FR 31922, 40 CFR Part 792).
These regulations were promulgated in
response lo investigations by EPA snd
FDA during the mid-1970s which
tevealed that some studies submutted to
the Agencies had not been conducted in
accordance with acceplable laboratory
practices. Some studies had besn
conducted so poorly thal the resulting
data could not be relied upon in EPA’s
regulatory decision-making process. For
iastance, some studies had been
submitted which did not adhera to
specified protocols. were conducted by
underqualified personnel and
supervisors. or were not adequalely
monitored by study sponsors. In some
cases results were selectively reported.
wnderieporied. or fraudulently reported.
In sddition. it was discoversd thal some
t~sing fac:lities displayed poor animal
care procedures and inadequate record-
xe=n-ng techriques. The FIFRA CLP
stardards specily mimmum praclices
a.:q procedures which must be lollowed
11 urder 1o engure the quality and
111egrity of deta submitted 10 EPA in
supgart of a research or marketing
per—it for a pesticide product.
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\vten EPA published 113 final FIFRA
ond TSCA CLP standards in the Federal
Register of November 29. 1983. he
Aygency sought 1o harmonize the
requirements and language with those
regulations promuigated by the FDA n
the Federal Ragister of December 22,
1978 (43 FR 60013). snd codified an 21
CFR Part 58. Differences between the
two Agencies’ current CLP regulatons
exist only to the extent necessary to
reflect the Agencies’ different siatutory
TSCA. FIFRA, and the Federal Food.
Drug. and Cosmetic Act {FFDCA)
respanmbilities. Similar 10 the FDA CLP
regulationa, the FIFRA and TSCA GLPs
delinsate standards for studies designed
to determine the health eifects of & test
substance; however, the TSCA GLPs
also contain provisions related to
environmental testing (i.¢.. ecological
elfects and chemical fate).

Compliance with EPA’s GLP
regulatuons has been monitored through
u program of laboratory inspections snd
study audits coordinated between EPA
and FDA. Under an Interagency
Agreemen| originating in 1978, FDA
carriss out inspections st laboratones
which conduct health affects testing.
EPA primarily performs laboratory
inspections and dala audits for
environmental studies.

After a thorough review of its GLP
regulations and compliance program.
FDA concluded that soma of the
provisions of the GLPs needed to be
clarilled. amended. or delaled in order
1o reduce the regulatory burden on
testing facilities. Accordingly, FDA
proposad revisions to ita GLPs in the
Federal Ragister of October 24, 1984 (49
FR 43530), which were intended to
simplify the regulation without
compromusing study integnty. FDA's
proposed revision haas recently been
published as a final rule in the Fedaral
Register of Sepiember 4. 1987 (52 FR
337e8).

EPA agrees with FDA that many
provimans of the GLP regulatians can be
streamiined without compromising the
goals of the GLPs. Therefors. EPA is
proposing to amend the FIFRA GLP
standards to incorporate many of the
changes recently made by FDA to i
CLP regulanions. La addition, EPA s
propas:ng to expand the scope of the
FIFRA GLPs to include the
environmentsl testing provisions
currently found in the TSCA CLPs.
EPA’s proposed revision to the GLPs
slso extends the scope of the regulation
to inciude preduct performance data
(efficacy testing) an required by 40 CFR
158.180. In cum, the proposed FIFRA
GLPs will allow the Agency to ensure
the quality and integr.y of all deta
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submitted in support of pesticide
preduct research or markeling permuts
In another notice 1n this Federal
Register. EPA 13 proposing similar
changes to the TSCA GLP standards.

-C. Corsistency With FDA CLP
" Reguiations

It is EPA’s policy to minimize the
regulatory burden on the public which
might anse from conflicting
requirements which could be
promulgated under different regulatory
authonties. In keeping with this policy.
the final FIFRA 1983 CLP standards, 40
CFR Part 180, followed the format and.
with {ew exceptions. the wording of
FDA's final GLP regulations. 21 CFR Part
58, Differences between the EPA and
FDA GLP regulations were based upan
varying needs and respcnsibilities under
each Agenuy's regulatory statutes. This
proposed revision to the FIFRA GLP»
follows this same policy by conforming
to many of the changes FDA made to 1ts
GLP regulations, published in the
Federal Register of September 4, 1987
(52 FR 337848). EPA has varied from
FDA’s revised GLP regulations only
when necessary due to EPA’s statutory
responsibilities. The most significant
differences beiween the EPA proposal
and the FDA revised GLP regulations
are the scope of the testing and test
systems affected.

Mora specifically, EPA is proposing to
require compliance with the FIFRA
GCLPs for all sludies submitted to the
Agency which are intended to support
pesticide product research or marketing
permits. Under the current FIFRA Good
Laboratory Practice regulstions, and
consistent with the FDA GLP
regulations, this Agency only requires
GLP compliance for health effects
testing. However. unlike FDA, testing
required by EPA in support of research
or marketing permits may include
ecological effects, environmental and
chemical fate. and eflicacy (as
stipulated by 40 CFR 154,180 Product
performance dota requirements), as well
a3 heelth effects testing. Therefore. in an
effort to attain consistency in the quality
and the integnly of all data submitied o
the Agency. EPA has delermined that 1t
is Necessary to expand the scope of the
FIFRA GLPs to require that all 1ypes of
testing which are used to obtain data in
support of research or marketing cermits
be conducted 1n accordance with tne
proposed GLP standards.

EPA’s propased FIFRA CLP stardards
also vary from FDA's in their cov=rage
of testing conducied in the field. 1o
ensure the quality and integnty of ail
data submitted in support of research or
marketing permits, EPA believes tnat
GLP standards must apply whenever

data collection occurs. Because many of
thie test data required by EPA are
developed in the field. or more
ancurately in vutdoor ldhoratories {1 e .
ground-water siudies. air moritoring
stuches. degradation in soil, etc.). EPA is
rroposing to include field tesung within
the scope of these regulaticns.

This Agercy's proposed FIFRA GLPs
also differ from FDA's in the scope aof
the requirements provided for test
svstem care facilities, test sysiem supply
facilities. and test system care. Because
tesuing required by FDA is focused on
health testing, in which animals are the
central test system, it :a appropnate for
FDA's GLP regulations to focus on
requirements for appropnate animal
care facilitien (21 CFR 58.43), adequale
snimal supply facilities (21 CFR 58.45).
and proper animal care (21 CFR 58.90).
However, the broad range of testing
required by EPA may involve planis,
sotls. and microorganiamy, as well as
arumals, for the primary test systems. In
order to ensure the quality and integnity
of all data submtted to this Agency, it is
proposed that § 180.43 Aniinal care
factlities. § 160.48 Animaf supply
facilities. and § 180.90 Animal care be
expanded to caver facilities, handling.
and care of all test aystems.
Accordingly, EPA is proposing that
these sections be retitled as follows:

§ 18043 Test system care facilities.

§ 18043 Test system supply facilities.
and § 180.90 Animal and other test
system care. Further, in most Instances,
EPA is proposing to replace the term
“animal,” which is currently used in the
FIFRA GLP regulations, with the
broader term “lest system.” Specifically,
this change is proposed in §§ 160.43,
180.45, 160.81, 160.90 and 160.120. These
proposed changes are further discussed
in Unit 1.D. of this preamble.

The remaining differences between
the EPA and FDA GLP regulations are
described in the preamble to this
proposed rule and the preamble to the
FIFRA Good Laborstory Practice
Standards. published in the Federal
Register of November 29, 1983 (48 FR
53948). EPA has coordinaled this
proposal with FDA and has connidered
comments received on the proposal 1o
amend the FDA GLP regulstions {49 FR
43520: October 29, 1964).

D Proposed Changes to the GLP FIFRA
Regulotions

1. Section 160.3 Definitions u. EPA
proposes to define the \erm “carrier " to
mean any malerial. such as feed, water,
soil. nutrient material, etc.. with which
the test substance 10 combined far
admunistration to 1est organisms. The
termn “carrier ' is currently used in
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$ 160113 and i» not defined. EPA
g:opusay 1o define this term to clanify .

b FEPA proposes to conform with the
Sepiember 4. 1987, FDA GLP regulations
by amending the definition of "cealrel
subslance” to exclude feed and water.
cPA agrees with FDA's statement
tegarding this change (52 FR 33789;
September 4. 1887) that “the term
control [substance| should be reserved
for the discrele substances/articles. ard
vehicles other than water administered
10 groups of the Lest system to provide a
basis of compansan with the test
|substance].”

FDA contends that. under the current
definition of "control substance,”
because the control group of a test
system provides the basis for
comparison with a test substance, any
substance administered to the control
group would be conaidered a control
substance. This would mean that [eed
and water given to the control group of o
study are considered s control
substance. For instance. in studies in
which the test substance or mixture is
sdministered to the test saystem orally,
through feed or drinking water, gavage,
or injection, the feed or waler is
considered a controi substance. As s
control substance. the feed or water is
subject to § 180.105(n) for substance
charscterization. § 180.105(b) for testing
for stability and solubility. § 180.108(c)
for requirements for appropriate storage.
$ 100.105(d) for retention of reserve
samples. and § 100.107 for
documentation of receipt snd
distribution of each batch. EPA agrees
with FDA that placing these
requirements on the use of feed and
water ag 8 control substance in control
groups unnecessanily burdens the
regulated community and is not
essentiai for ensuring the quality and
integrity of the data generated by a
atudy.

However, under 40 CFR Part 160. feed
and water used as @ carmer for the test
and control substances or mixtyres are
sull covered by the applicable sections
lor the testing and storage of test,
control. and reference substances and
muxtures. For example, § 160.31(e)
requires testing facility management to
ensure materials are available an
scheduled; § 160.45 requires that test
system supply facilities shall be
provided to ensure proper feed storage:
§ 180.81({b)(2) requires Standard
Operating Procedures (SOP) for test
system care. Including nuthtion:

4 160 90(g] requires penodic snalysis of
feed and water lo ensure that
contaminants which would inter{ece
with the study are not present;

§ 160.120{a}(9) requires the protocol I1n
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..« rihe and/or 1dentily the diet vard in
em¢ study. including the level of
cuntuminants expected 1n the dielery
materials.

c. FPA also proposes lo modify the
dcfintion of “contral substance” by
adding the phrase “for no efTect leveis.”
Thia addition to the definition is being
proposed merely to clarify the difference
between the term “reference substance”
and “control substance.” While a
control substance is used to determine &
baseline comparison to no effect levels.
a reference substance is used lo
determine a baseline comparison to an
estahlished effect level.

d. EPA proposes to add and define the
terms “eapenmentsl start date” and
“eaperimental termination date.”
“Experimental start date” is proposed to
mean the first date the test substance is
applied to the test system. Under this
definition. as of the experimental start
date: [1) Under propased § 180.105(b),
the stubility and. if important to the
conduct of the experiment, the solubility
uf the test, control. and refecence
substances would have baen
delermined: (2) under propossd
§ 180.113(a)(2). the stability and. if
important lo the conduct of the
experiment, the solubility of the test,
control, and reference substance in the
mixiure would have been determined
and: [J) under proposed { 180.120{a){4).
the proposed experimental start dale
would appaar in the protocol

EPA propases thal "experimental
termination date” be defined as the last
dats on which data are collected
directly from the study. Under
§ 180.120(s}{4) a3 proposad. EPA would
requirg the proposed experimantal
termination date to appear in the
pratocol. EPA considers histopathology
aler scheduled terminal animal
sacnifice 1o be carried out before the
experimental lermination date.

Experimenial start and termination
dates would be expressed as the actual
calendar dates. not just time-line
. increments. Tharefore, when
determining the proposed experimental
start and lermination dales, as would be
required by proposed § 180.120(a){4). the
submtter should consider any lag time
relating to protocol approval and
laboratory contracting.

«. EPA praposes to add and define the
term “reference substance” to mean any
chemical substance or mixture or
material other than a test substance that
is admitustered to or used in analyzing
the test system in the course of & study
fur purposes of establishing a basus for
comparison with the test substance for
knawn effect levels. EPA propoaes the
use of the term “reference substance™ in
the revised FIFRA GLP regulations

because of its common usage in
environmental testing and, therefore, its
proposed use wn these regulations.

In this proposed GLP regulation. sll
the requirementa provided for test and
control substances would also apply 1o
“re{erence substances.” Accordingly.
the term “reference substance” has been
added wherever the lerm “test and
control substance” appears in these
standards. Specifically, the lerm
“reference substance” is added to
propoacd § 180.28 (d) through (f):

§ 160.43({b); § 160.47(a} (1) through (3)
and {b); § 160.81(b)(3); the Subpart F
heading: § 160.90(c); § 160.105 (a}
through [e): § 160.107: § 160.113 [a} and
{b): § 180.120(w) (2). (9). and (11):

§ 160.185(a] (4) and (5); and § 180.195{c}.

{. EPA proposes to broaden the
definition of the term "study” ta be
consistent with EPA's proposal te
amend these regulations to require GLP
compliance for all testing required to be
submutied to the Agency in conjunction
with a pesticide product's research or
marketing permit.

EPA is proposing to delete the phrase
“in vivo or in vitre” rom the definition
of "study.” The Agency still intends the
requirements of these regulations to
apply 10 “in vivo and in vitro”
experiments. However. since the
Agency ntends these regulations lo
apply to aii studies required o be
submitied under FIFRA, inciuding those
conducted in the lield. EPA f{eels that
including the phrase “in vivo or in vitro™
in the definition of "study” is loo
limiting.

Further. EPA ia proposing to delete the
lerm “prospectively” [rom the definition
of “study.” in Lhis way, epidemiological
studies, which could be “retrospective.”
will be required lo be presented to the
Agency in accordance with the GLP
standards. EPA recognizes that data
used in an epidemiclogical study may
not have been generated in conformance
with the FIFRA GLP standards.
bhowever, it is EPA’s contention that the
epidemiological study ilself can be
cenducted and submitted to the Agency
in accordance with the GLP».

EPA is alsa proposing ta delets from
the current definition of "atudy” the
following sentence: “"The term does not
include studies utilizing human subjects
or citnical studies or field trials in
an mals * Again, this change is
cora s ent with EPA’s intention 1o
reco.re zomphance with GLPs for all
stu! ve submitted to the Agency in
suppurt of a research or markelng
perrmt for pesticide products. including
biomonitonng or efficacy studies. FIFRA
does not prohibit pesticide testing on
humans [as long as the informed-
coraernt conditions specified in FIFRA
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section 12(a}{2}{P) are met, and provided
th.e records required by 40 CFR 189 2{))
are maintained). EPA feeis that testing
that is performed on humans must be
conducted in accordance with the GLPs,
if that dats is submitted to the Agency
in support of a marketing or research
permit,

It is also proposed that studies
designed to determine the physical or
chemical characteristics of a test
substance be included within the scope
of these regulations. Therefore, EPA :3
proposing that the phrase “or to
determine physical or chemical
characteristics of a test substence” be
deleted from the definition of the term
“study.” This proposed change is
consistent with tha definiton of the term
“study" as it now appears, and as it is
proposed to appear, in the TSCA Cood
Laboratory Practice Standards at 40
CFR Part 792. Howaver, as specified in
proposed § 160.135, exclusions from
certain GLP requirements are provided
for studies related to determining the
physical or chemical characterization of
a test, control or reference subatance
(e.g.. studies designed to determine
color, odor, physical state. melting point,
pH messurement. etc.).

8- EPA proposss 10 incorporate the
FDA definitions for “study completion
date” and “study initiation date™ (n
§ 180.3. "Study compistion date” is
proposed to mean the date the final
report is signed by the study director.
EPA advises that the phrese “close of
the study” as used in § 160.33(f}, and the
phrase “study s completed” as used in
§ 160.185(b)(3] both refer to the “study
completion date.” Consistent with this
definition, ae of that date: (1) Under
§ 160.22(, the study director must
ensurs that all raw data, documentation,
protocols, specimens, and linsl reports
are ransferred to the archives; (2) alter
this date under § 180.185(c), correclions
or additions to the final report must be
in the form of an smendment by the
study director under the procedures
specified in that section: and (J) in the
applicable situations descnbed in
§ 160.195(b](3). records muat oe
maintsined for & period of at least 2
years [ollowing the study completion
date.

EPA proposes to define “study
iniiation date” as the date the protocol
13 signed by the study director. EPA
advises that the phrase “study is
initiated” as used in § 180.31{a). and the
phrase “study was initiated” as used in
§ 160.35(b](1) would refer ta the “study
initiation date.” Therefore, as of the
study initiation date: (1) Under
§ 180.21(a), the testing facility
management would designate a ¢tudy
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corector: (2) urder § 160.25(b){1). the
study would be eniered on the masier
schedule sheet by the quality assurance
unit; and !3) under § 160.120{b}. after
this date all changes or revisions in the
protocol would be documented. signed
by the study director. and dated. EPA
also expects that as of the study
initiation date, under § 160.31(e). the
testing facility management would have
ensured that personnel. resources.
facibics. equipment, material. and
methodologies are available as
scheduled,

h. EPA proposes to replace the term
“1est substance or mixture” with the
term "tes! substance.” This is an
editorial change which makes usage
consistent in the GLP standards. The
term “test substance" is proposed to be
defined ta include mixtures.

i. EPA proposes to expand the
definition of "test system” to include
chemical or physical matrices (e.g.. 30il
or water). This proposal is cons:stent
with the Agency’s intent to expand
these regulations to include
environmental effects testiog.

j- EPA proposes ta define the term
“vehicie” 10 mesn any agent which
facilitates the mixture, dispersion. or
solubilization of a Lest subslance wilh a
carmer.

2 Section 180.31 Testing facilny
management. [n conformance with the
revised FDA GLP regulations. in
§ 1680.31(b). EPA proposes lo delete the
requirement that the replacement of &
ttudy director must be documented as
“raw data.” EPA sgrees with FDA that
this requirement is redundant wilh ather
provisions of the GLPs. For instance,

§ 180.35(b)(1) states that the master
schedule sheet must contain the name of
the study direcior. As FDA notes {52 FR
33770}, any replacement of the study
director would be refllected on the
master schedule sheet, which is already
conmidered “raw data.” Further,

§ 160.120(b) states that a!! ~hanges in an
approved protocol must be documented
and signed by the sludy director.
Replscement of the study director is
considered to be a change in the
approved protocol.

3. Section 180.3% Quality ossurance
unit {QAU). ». In § 180.35(a). EPA
proposes to conform with the revised
FDA GLP regulations by subststuting the
term “which™ for the current phrase
“compaosed ol ons or more individuals
who.” This change clanfies that EPA
does not require the QAU to be a fined.
permanently staffed unit whose only
functions are to monitor the quality of a
study. The Agency is only concerned
that there ba & distinct separation of
duties between those personnel
involved with the conduct or direci'on of

a study 4nd those personnel performing
quality assurance on the same study.
Therefore. EPA does intend proposed

§ 160.35(a) to prohibit personnel from
performing quality assurance activilies
on their own study.

b. In § 160.35(b){1), EPA proposes to
delete the requirement that the neme of
the study sponsor appear on the master
schedule sheet. Insiead. it is proposed
that under § 160.35(b){1) the sponsor’s
identity appear on the master schedule
sheet. This change 18 being proposed to
be consistent with the FDA's recent
revision and to provide the regulated
community the option of using an
identity code on the master schedule in
lieu of the sponsor’'s nama,

EPA agrees with FDA's contention
that requiring the spansor to be
identified specifically by name on the
master schedule is not essential to fulfill
the requirements of the GLPs or the goal
of ensuring the quality and integrity of
the dats generated from the studies.
However, while the name of the study
sponsor would not be required to appear
on the master schedule sheet, this
information must be made available to
the Agency upon request.

c. As in the revised FDA GLP
regulations, EPA is also proposing to
deleta the requirement in § 180.35[(b)(1)
that the master achedule sheet contain
the statup of the final report. EPA agrees
with FDA that this requirement is
redundant in view of the other
information required by § 180.35{b}{1)
such as the date the experiment began
and the current status of esch study.

d. In conformance with the revised
FDA GLP reguialions, EPA propases to
modify the requirements of § 180.35(b}(3)
1o provide for inapections of a study on
a schedule adequate to ensure the
integrity of the siudy. This section
currently specifies that the quality
assurance unil must inspect each phase
of a study petiodically. This section also
currently specifies that for studies
lasting more than 8 months. quality
assurance inspections shall be
conducted every 3 months, and lor
studies lasting less than 8 months,
quality assurance inspections shall be
conducted st intervals adeguate to
ensure the integrity of the study.

The pmposea changes ta this section
will atlow the QAU the necessary
iatitude to adjust it monitoring
activities 1o meet the individual
problemas of each study. EPA agrees
with FDA’s contention that an
inspection of each phase of the study is
not necessary lo enaure that a study is
being conducted properly. However,
EPA also agreea with FDA that each
study. no matter how short. must be
inspected at least ance while in
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progress. EP'A excects that by a'lowing
the QAU fMlexibibity in deswgning a
reasonable inspection scheduie, the 224l
of ensuring the quality cf the study can
be best achieved.

e. Consistent with the revised FDA
CLPs. EPA is proposing to delete
§ 160.35{e) in its entirety. Section
160.35(e) currently requires that all
quality assurance records be kept in one
lacation at the testing lacility. As FDA
pointed oul in 1ty October 29. 1984,
proposed GLP revision. since
§ 180.150(b) already requires the use of
archives foc the orderly storage and
expedient retrieval of all reports and
records, the requirements of § 160.35(e)
are not necessary. However. EPA
maintaine that all reports and records.
including those of the QAU. must be
essily accesmible and made available to
EPA and FDA inspectors when
requested.

4. Section 160.41 General. FDA has
deleted from its CLPs the requirement
that the location of each testing facility
be suitable to facilitate the proper
conduct of studies. However, EPA is
proposing thal § 180.41 require that
testing {acilities which are not located
within an indoor controlled environment
be suitably located 1o facilitate the
proper conduct of studies.

The studies FDA requires are
generally conducted within the confines
of a traditional indoor laboralory.
Because the conditions specified within
a protocol can be artificislly
manipulated within the traditional
indoor laboratory, the location of these
laboratories is generally not a factor in
determining the quality of & study.
Therefore, it Is not necessary to ensure
that a traditional indoor testing {acility
is suitably located to facilitate the
proper conduct of the study.

However, the studies EPA requires
are not necessanly conducted within the
confines of the traditional indoor
scientific laboratary {i.e.. field studies.
groundwater studies, ecological toxic:ly
sludies. elc.). EPA considers any aite
where testing is undertaken to generate
data required by the Agency to be a
lesting facility. The condilions required
by the protocol are nol necessanly
conducive to sruficial mampulation in
the field. or other outdoor testing
facilities. Therefore. ensuring the
suitability of the location of these 'ypes
of testing facilities is both & valid and
necessary part of EPA's GLP Standards.

5. Section 160.43 Tast system care
facilities. u. EPA is propesing 10 revise
the title of § 180.42 from "Animal care
facilities™ to "Test syatem care
facilities”. The proposed heading for
§ 180.43 more sadequately reflecis the
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Agency’s intent fo specify facility
requirements for the care of chemical or
shysical matrices (e.g., so1l or water).
plants. and microorganisma. as weil as
animals. Accordingly, the Agency ls
proposing to further modify § 180.42 by
incorporating the term “test system”
when facility requirements should
extend beyond "animal” care.

Consistent with the Agency’s intent
stated above, paragrephs (a){1), (s)(2).
(d). (e}. (N, (g), and (h) in proposed
§ 160.43 have been added or modified in
order to ensure proper care facilities are
provided for the additional test syslems
covered by the expanded section.

b. EPA proposes to modify § 160.4(a)
1o allow testing facililies to provide for
isoiation areas rather than quarantine
aress. This change is consistent with the
proposal to modily § 160.50{b) to allow
“1solation” of newly received animals
rather than require "quarantine” [See
Unit 1.D. of thia preamble (or a
discussion of proposed § 180.90{b)|.

c. in § 160.43(c}. EPA proposes to
delete the requirement that separate
areas be provided in all cases for the
diagnosis, treatment, and control of test
syslem dissases. Instead. it is proposed
that such separate areas ba provided
"“as appropriate.” This proposal is
consistent with the September 4. 1967,
revised FOA GLP regulations.

EPA bas proposed this modification Iin
order 10 allow laboratories the option of
disposing of diseased animals and other
test systems without aleo besring the
expense of maintaining separate areas
in testing facilitias for diagnonis,
ireatment, and control of disease.
Additionally, EPA recognizes that the
diagnosis end treatment requirements of
{ 160.43(c) may nol be appropriate when
dealing with such test sysiems za soil,
plants, or micrcorganisms. However, if
the decision is made not to dispose of
the test system. then test system care
facilities, as specifiad in proposed
§ 160.43(c), muat be provided.

d. EPA proposes 10 conform to the
revised FDA GLPs by delsting
§ 160.43(¢) in its entirety, Currently,

§ 180.43(e) requires test system facilities
ta be designed, constructed, and located
30 as to minimize disturbances which
may interfere with the study. EPA
agrees with FDA that this provision is
already adequately covered in | '80.41,
which requires that facilities be of
suitable mize. construction, and. for
cutdoor testing facilities. location to
facilitate the proper conduct of the
study.

O Section 180.45 Test systemn supply
facilities. u. EPA proposes to expand the
scape of § 100.43 to require that supply
lacilities necessary for environmental
tasting be provided when appropriate.

b. Consistent with the proposed
expanded scope of this section. EPA |s
also proposing to retitie § 160.45. from
“Animal supply facilities” t¢ *Test
system aupply [acilities.”

c. EPA also proposes to modify
§ 100.45 to vtate "Perishable supplies
shall be preserved by appropriate
means.” This change is being proposed
to conform with the revised FDA GLPs
and recognizes that there are a varisty
of acceptable storage and preservation
procedures available besides
refrigeration. Depending on the stability
characteristica of the perishable
matearial, acceptable storage and
preservation methods may include
desiccation, room temperalure-low
humidity, and constant temperature-low
humidity.

d. EPA also proposes to delete the
phrase “or feed” from the last sentenca
of § 180.45. Both EPA and FDA consider
"feed” 1o be a "supply.” Therefors, the
use of the word "feed™ in § 160.45 is
redundsnt

7. Section 180.49 Laeboratory operation
areos. a. EPA proposes to conform with
FDA’s revised GLP regulations by
deleting paragraph (b) from § 160.49,
adding the phrase “and specialized”
after the word “routine™ and befora the
ward "procedures.” and deleting the
qualifying phrase "inclucing specialized
areas for performing sctivities such as
sseptic surgery. intensive care,
necropsy, histology. radiography, and
hendling of bichazardous materials.”

Paragraphs (a) and (b), as currently
worded. describe activities which
require that separate laboratory apace
be provided. As FDA noted in its
proposal to modify its corresponding
section (49 FR 43532), the list of
activities that currently appears in
pacagraphs (a) and (b) is not sll
inclusive and is not essential {or the
clarity of thase sections. Further. by
adding the phrass “and speciaiized.” the
proposed new paragraph wiil
encompass all activities now listed in
paragraphs {s] and (b).

b. Ln § 160.49, EPA proposes to add
the phrase “and other space” after the
words “laboratary space” snd before
the word “shall.” As discussed in Unit
172, 5 this preambls. this change to
1 1~ 19 1 being proposed to reflect that

' ¢ does not necessanly take place
w - = the confines of & traditional

. = 'iboratory. Proposed § 100.49
w . :require that there be enough
spac* provided to perform the
procr Jutes required by the protocol
‘W herever testing takes place [Le.
induor iaboratory or field station).

8 Section 160.57 Aaministrative and
persornel facilties. As in the revised
FDA GLP regulations, EPA proposes to
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delete § 180.53 In its entirety. EPA
agrees with FDA that the requiremer:s
of this section are not necessary for
achieving the goals of the FIFRA GLP
standards.

9. Section 180.01 Equipment design. la
§ 180.81, EPA proposes to delets the
phrase “Automatic, mechanical. or
elactronic” from the beginning of the
first seatence. EPA agrees with FDA
that the deletion of these qualifying
terma provides for & more general
interpretation of the word “equipmenL”

10. Section 180.83 Maintenance and
calibration of equipment. a. Consistent
with the FDA GLPs, EPA is proposing to
amend § 160.83(b) to stata that standard
operating procedures (SOPs) for
remedial action for squipment, in the
event of failure or malfunction of
equipment, need only be established
when “appropriate.” This change
acknowiedges that laborstories may
cthoose to discard rather than repair
equipment, and in such cases SOPy
which delineats remedial action are not
necessary.

b. EPA Is also proposing ta conform to
the revised FDA GLP reguiations by
deleting from § 180.63(b) the provision
that copies of Lhe SOPs shall be made
available to laboratory personnei. EPA
#till believes that laboratory psrsonnel
mus! have access lo laboratory SOPs:
however, since this requirement is
clearly stated In § 180.51(c). EPA
considers the inclusion of this
tequirerent In § 160.63(b) to be
redundant.

11. Section 180.81 Standord operoting

procedures. s. In § 100.81(b) (1). (2). (8).

(7). and (12), EPA is proposing ‘o replace
the termn “animal” with the term “test
sysiem.” As discussed previously in this
preamble, this modification is consistent
with the broad scope of test systems
which may be used In testing
undertaken in support of a pesticide
product research or marketing perout.

b. In § 180.81(b)(S). EPA is proposung
to require that SOPs be established for
testls wherever the testing is undertaken.
including those conducted in the field.
Accordingly. it is proposed that
§ 180.81{b)(5) read “Laboratory or other
tests” (see discussion of “field testing”
in Unit 1.C. of this preamble).

c. In conformance with FDA's revised
GLP regulations. EPA is proposing to
delete the list of examples for laboratory
manuals and SOPs required 10 be made
immediately available under § 100.81(c).
EPA sull intends that laborstory aress
must have immedistely available
manuals and SOPs for laboratory
procedures being performed. This
requirement still includes toxucology,
histology. clinical chemistry,
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hemntology. teratolugy. and necropsy. if
applicable. However. this List 1s not all
1aclusive and 1# too bruad o serve as &
usclul guide. For example. this
requircnent also includes SOPy for the
maintenance, repair, and calibration of
equ:pment as described in § 160.63(h)}.

d. EPA is also proposing to amend the
languuge of § 180.81(c) to clanty that the
requirement of this section also applics
to field testing facilities. Therefore. 1t is
proposed that § 160.81(c] will read,
“Each laboratory or other study arca
shull have iImmediately available
manusls and standerd operating
procedures relative to the leboratory or
field procedures being performed.”

12. Section !80.90 Animal and other
trs{ system care. a. EPA is proposing to
retitle § 160.90 from "Animal cars™ to
“Animal and ather test system care”. As
previously stated, testing required by
EPA may involve plants, aoils,
microorganiasms, and other lest systems,
in addition to animais. The proposed
title to § 160.90 reflects the broader
scope of this Agency’s regulatory
responaibilities, these regulations, and
this section, to provide for the quality
and integrity of all data submutted in
support of pesticide product research
and marketing permits.

Consistent with the Agency’'s proposa)
stuted above, paragraphs [b). (d), [el(1).
(. (g). and (§) in proposed § 160.90 have
been added or modified in order to
ensure the proper care of all test
systems used in & study.

b. EPA proposes to modily § 180.90(b)
to provide for the evaluation of a tewt
system’s health status. or the
approprialeness of the test sysiem for
the study, according 10 acceptable
“scientific practice.” This section. as
proposed. will atill require that newly
received animals must have their health
status evalusied according to
acceptable veltennary medical practices.
However, EPA recognizes that it may
not be appropriats to evaluate the
health status of cartain Lest systems
(e.g.. soil or watet) or lo require that a
plant, microorgsnism, soil. or water be
evaluated sccording to acceptable
velerinary medicsl practice to determine
their appropristeness for a study. EPA 1s
only concerned that test aystems used in
a study are free of any disease or
condition which may interfere wilh the
purpose or conduct of the study. snd
that the proper precautions. as stated in
1 160.90(b), are 1aken to comply with
this requirement.

c. Additionally. EPA is proposing to
modify § 160.90(b), to require “isolation”
rather than “quarantine” of newly
received animals. This proposal s
consistent with FDA's revision to 11
CLP»

As previously stated, the intent of
§ 160.90(b) is to prevent the entry of
unhealthy or inappropriate test gy slema
into the study. as required hy
§ 180.90(c). Currently, § 160.90(L)
provides that this intent be achieved
through "quarantine.” However, the
term “quaranline” suggests a rigid set of
procedures. including « mandatory
holding period. a specific list of
diagnostic procedures. and the use of
specislized facilities and test system
care practices, which may be an
unnecessary burden to industry.

EPA agrees with FDA's conclusion,
discussed in the preamble to its revised
GLPs (52 FR 13775:; September 4. 1987),
that isulation and evaluation of health
atatus are sufficient precautions against
contamination of test systems end,
therefore. fullill the intent of this
section. FDA further states that such a
revision would provide laboratories the
flexibility to develop isolation and
health siatus evaluation procedures best
suited far the age. species, class, and
type of the leat system. as well as the
type of study to be performed.

d. EPA proposes 1o conform to the
FDA GLPs by modilying § 180.90(c] to
require isulation of diseased teat
sysiems only when necessary.

Currently, § 180.90(c) requires that
ammala which contract a disease or
condition shail be isolated in all cases.
This requirement would in lurn require
that separate facilitiea ba available for
the isolation of these animals. However,
a3 discussed in the proposal for
§ 180.43(c). both EPA and FDA believe
that Iaboratories should be given
Mexibility in their disponition of
disensed test systems. As FDA
discuseed in the proposed revisions to
its GLP regulations (49 FR 43533;
October 29, 1984). the proposed
modification to § 180.90(c) will allow
laboratories the option of: (1) Leaving
the diseased test system in the
expenment provided thal the inlegnty of
the study will nat be adversely affected
by this action: (2) disposing of the test
system: or (1) isclatling lreating. and
returming the test aystem 1o the study.

1J. Section 160.105 Test, control. and
reference substance characterization. a.
In revised 21 CFR 58.105(a). FDA deleted
the requirement thal test and control
substance characteristics shall be
determined and documented for esch
batch “befors the iitiation of the
study ” This change has not been
edopled by EPA in ils proposed revision
to § 160.105{a). However, EPA proposes
to modify § 160.105{a} lo require that
lest. control. or reference substance
characierization be determined and
documented for each batch before ils
use in the experiment. EPA feels that
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th:s proposed requirement 18 necessary
Decause it 1s essential that
chardcienstcs of test. control, and
reference substances be known pricr 0
their adminisiration or us# in an
expenment.

EPA’s recent experience with
anumony trioxide has shown that
extensive analytical work was
npcessary pnor to test initiation, Certain
assumptions regarding the product’s
charactenistics were used in the
protocols for antimony tnoxide tesii~3
which proved invalid These invalid
assumptions necessitated modifications
to the proposed study. resulting in the
deiay and rescheduling of other
subsequent studies. If the anslytical
work had preceded the toxicolugy
studies, the studies would not have
failed sand modifications to the studies
would not have been necessary. The
Agency’s conclusion is that it is better 10
delay study schedules than to initiate
improper experimental procedures
which wiil produce invalid results.

b. FD'A has modified 21 CFR 58.105(b]
to provide for the determination of the
stability of the test or control substance
either belore the initiation of the study
or through periodic analysis of each
batch according to written standard
operating procedures. EPA has chosen
not to adopt this approach in proposed
§ 160.105({b) because the Agency does
not agree that stability can adequately
be demonstrated by periadic analyss
without initial evaluation.

Further, thers are many studies
required by EPA where solubility of the
test, control, or relerence substance 11 of
cntical importance, such as aquatic
toxicity studies. Therefore. EPA is
proposing Lhat solubility of the test.
control. or reference substance be
determined belore the experimental
start date of knowledge of solubility
characteristics is relevant for the preper
conducl of the expenment.

Itis EPA’s contention that both
stability and solubility of the test.
control. snd reference substance need 1o
be determined before the experimental
stari date in order to ensure proper
handling and administration of the :est
substance o the test system. However,
since the determination of the solubifity
of the test, control. and reference
substance is nol & requirement in FOA's
CLP regulations, EPA is inlerested in
teceiving public comment ¢n this 1ssue

14. Section 180113 Mixlures of
substances with carrrers. a. FDA has
revised 21 CFR 38.113(a)(2) to requice
determination of the stabulity of the ‘=31
and control substance in & mixture s
required by the conditions of the ateav.
either befare the intuation of the st.c:
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ar through perodic analysis of each
batch. While EPA does not propose o
modify § 160.113{a}(2] to provide the
optivn of determiming the stability of the
mixture either before study initiaton or
through periodic analysis (ise
discussion for § 180.105(b)). EPA will
modify this section ta require stability
testing only to the extent required hy the
conditions of the experiment. As
proposed for § 160.105(b}. EPA is also
proposing la requice thak when
dppropriale to the canduct of the
experiment, solubility of the test,
control. or reference substance in the
mixture be determined in the same
manner (see discussion for § 180.105(b)).
Additionally. as proposed for § 160.105%
(8} and (b), EPA 13 proposing to replace
the phrase "before the initiation of the
study” with the phrase "before the
experimental start date” [see discussion
for § 160.105(n)).

The phrase “as required by the
conditions of the experiment” has been
added in arder to clanfy that
determination of stability and. if
appropriate, solubility of a test. control.
or reference substance in & mixture is
only necessary to support the actual
lime of use in the experiment. Therefore,
it is not necessary to provide data which
illustrate long-term stability of & mixture
when the sctual time that the mixture s
used is short-term. For exampie. a test,
control, or reference substancs in a
mixture that will be used the same day
it is prepared will only require data
sufficient to show stability and, if
appropriate. solubility for 1 day.

b. EPA proposes 1o add § 180.113(c)
which states, that if a vehicle is used 10
facilitate the mixing of a test substance
with a carrier. assurance shall be
provided that the vehicle does nol
interfere with the integrity of the test.

15. Section 160.120 Protocol. a. In
revised 21 CFR 58.120(a], FDA has
replaced the qualifying phrase “but shall
not necessarily be limited to" with the
phrase “as epplicable.” EPA proposes to
sdopt FDA's approach with same
modifications. It is proposed that the
phrase “Where applicable” sppear
belare the information apecified in
§ 160.120{a)(9). and continue 10 sppear
before Ihe information required by
§ 180.120{a)}{6). The phrase “but shall not
necessarily be limited 10" would remain
in this section.

In FDA's discussion of this proposal
{49 FR 43332; October 29. 1984}, concerns
were expressed that some of the
information required 1o appear in the
protocol is not applicable 1o all types of
testing. Specilically. FDA paints to the
infarmation required by 21 CFR 58.120{a)
{9) and (11). In 21 CFR 58.120, psragraph
(a}(9) requires & description of the diet

wand in & study as well as solvents.
emulsifiers, and/or other maiterials used
to sclubilize or suspend the test or
cantrol substance before mixing with
the carrier. FDA points out that this
tequirement is not applicable to
radiation-emlting products. Section
38.120(a)(11) specifies that the protocol
skall sp=cify dosage level, and this
requirement is not applicable to
implantakie medical devices.

Clearly. the basis for FDA's change is
lo accommodalte concerns that are
specific to the 1ypes of testing required
by FDA and da nut necessanly apply to
lesting required by EPA. Further. EPA is
concerned that placing the phrase “as
applicable™ in § 160.120{(a) suggeats that
there may be cases where 1l is not
applicable Ior any of the other
infyrmation required by § 160.120(a) to
sppear in the protocol. Therefore, the
phrase “as applicable” should only
appear before those items which are not
necessanly appropriate to appear in the
protocol for certain types of testing,

For example, thete may be testing
required by EPA where it may not be
appropriate to require a protocol to
contain the information specified in
§ 160.120(a)(9}. such a3 describing and/
or identilying the diet of & human
subject :nvalved in exposure testing.
Therefore. EPA propases to add the
phrase “Where applicable” belore the
information specified in proposed
§ 160.120(s)(9).

b. In revised 21 CFR 58.120{a)(4). FDA
has deleted the requirement that the
protocol contain “The proposed starting
and completion dates.” EPA is proposing
to retain this requirement in
§ 160.120(a)(4]). but is proposing to
medify this paragraph to require. “The
proposed experimental start and
termination dales.”

EPA believes that this informastion 1s
necessary for the evalustion of o
protacol. and the Agency scheduling of
additional related studies and audit
reviews. Section 160.120{a){4) is relaled
10 the selected study method.
laboratory. and specialist availability,
snd other Agency and industry
pnionities. Often a group of experiments
are carmed out 1n sequence, so that both
start and termination dates sffect
subsequent study expectations and
" ~e:tables. Prejected experimental start
and 'ermination dates idennfy the
nurmal duration for a given experiment
'vpe and reflects any special
cunsiderstions that may be unique to a
laboratory. anticipated analytical or
methodology work, and available
resources. and il ray also affect
pending regulatory timetables.

Civen that there are hundreds of
studies that EPA must track. these

esumated schedules, combined with
those from other studies. allow the
Agency to more efficiently schedule
audits and regulatory action. Further
considecations are the following: (1) The
availability of compasite schedules for
many studies may be necessary 1o set
realistic regulatory action goals: (2)
composite study schedules are
evaluated to schedule audits while
several studies are angoing or recently
completed. and which may all be at &
given laboratory or geographic location,
thus directly reducing EPA resources
necessary for audit and regulatory
review functions: and (3] standard
business management by objectives
requires intermediate calendar goals
when scheduling multiple outputs. or a
long-term single product. The master an-
site laboratory schedule will incorporate
these dates to carry out the study.

c. In 21 CFR 58.120(a)(%). FDA has
deleted the requirement that the
protocol contain a justification [or the
selection of the test sysiem. EPA has
chosen to leave this requirement in
proposed § 180.120(a}(8).

Environmental studies, including both
ecological effects and chemical fate, are
maore diverse than heaith effects testing.
Further. details relevant to the test
system design are more cnemically
dependent in the case of environmental
elfects and chemicai fate testing than in
the case of health effects testing. Many
of the test systems in environmental
studies must be madified in accordance
with spacific chemical characteristics.
Therefore. EPA must allow a much
broader range of flexibility in the nature
of tests and selection of test systems. In
order 10 fully understand the test and its
resulls, EPA needs to have a discussion
of the reasons for selection of the test
system. In sddition. EPA recogmzes that
industry may be engaged in state-of-the-
art environmental testing. Under
proposed { 160.120(a)(5). EPA can keep
abreast of industry advances in such
testing and ensure that their use of test
sysiems 12 appropriale. EPA is
interesied in receiving public comment
on whether to limit the requirement that
the protocol contain a justificaticn of the
test system to environmentat testing.

d. FDA has deleted from 21 CFR
38.120(a){10) the requirement that the
protocol include the route of
admimstration and the reason for its
choice. EPA has chosen to retain this
requirement in proposed
§ 160.120(a)(10).

The chemicals regulated by FDA will
usually have a predefined route of
expasure. Therefore, it makes sense for
FDA to eliminate the requirement to
stipulate the route of administration and
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1" e reasun for (03 choice within the
+onech Unoke FDAL EPA iy Chncerned
w h presence 1 or exposyre tg various
mohid i e, air. walter. sof, serdinent,
tnemicals, el12.) and may not know \n
¢<vance lhe roules of exposure for tha
themucals it regulates. Most chemical,
and products regulated by EPA do not
lidve set routes of expasure and muy
evcn have multiple routes of exposure.
Therefore. EPA must consider a wide
ranze of posyble eXposure roules in ty
r-vulatory decisions Further, the routs
uf adminustration 1y essential to
defermine the effectiveness of a test
svstem for the purposes of & specific
tunicology atudy. The royte of
<dminisiration affecty the reql dosage
rates and, therefore, affecys whether the
impact of the exposure of the test
substance is acute or chronic.

Therefore, EPA believes thal, for its
burposes, it is essenitial that the protoco!
cnntain the royte of administration and
the reason lor its choice, This
requitement will therefore remain in the
FIFRA GLPy in ] 180.120{(a)(10}).

€. EPA proposes to delete current
} 180.120{a}{12] in ity entirety. Currently.
§ 180.120{a){12) requires that the
pratocol contain the method by which
the degree of absorption of the test and
control substance by the tes) aystem wil
be determined. EPA agrees with FDA'y
conclusion that this requirement 1s not
hecessary in the protocol,

{. In proposed § 180.120{a){ 14).
redesignated from Current paragraph
1a}(15), EPA proposes to conform with
FOA's revised GLP regulations and
require that the study director's
signature be deted on the protocol.

EPA s proposing in § 180.2 that the
study initiation date be defined as the
date the protocol is signed by the study
direcior. [t iy through the proposed
requirement of § 160.120(a)(14), that the
Agency will be able to identify the
officiai study initiation date.

18. Section 160.130 Conduct of a study.
a. FDA has modified 21 CFR 58.130{d) 10
provide that records of gross findings fur
& specimen from postmortem
observations "should” be made
uvuilabie to the pathologist when
£xamining that specimen’y
histopathology. EPA is proposing to
retain the eequiremant that these records
“shall.” in &l cases, be providud 10 a
pathologist during sludy of the
specimen,.

EPA agrees with FDA's couclysion
that for moat atudies 5t 19 importany for
the pathologisi 1o have the records of
8roas findings available when exvumining
a specimen histopnlhalog:ca“y
However, it jy FDA’s contention that
teplacing the word "shall’* with 1he
word “should™ will allow the

histapathological evaluation of
spec:mens in a “blind"” fashign, EPA
3lso recogmizes that 1t may be
apprupriate for some siumes igp provide
for ‘blinding™ n histopathological
evaluation. However, EPA maintains
that. when specified by the protocol, the
Patholugiat can sccomplish “blinding.”
withouy vialuting § 160.130 by nol
Iaking at the records which have been
Provided, Therefore. it will remain

EPA 3 requirement that the patholagist
Tust have access to the records of gross
f:ndings when €xamining a specimen
hmopathalogicaily’.

b. In conformance with the revised
FDA GLP regulations, in § 180.130{e},
EPA proposes to replace the terms
“computer” and “computer driven” with
the teem “automated data collection.”
EPA agrees with FDA that the terms
“computer” or “campuyter driven™ do not
adequately reflect the date collection
and storage technologies currently used
by testing faciiities. The Agency
believes that the proposed lerm
“aulomated data collection” provides a
more appropriate description of the dala
collecuion and Slorage systems availabie
for indusiry yge.

17. Section 160.135 Ph ysical and
chemical characterization studies. EPA
Proposes to add § 180.13% in order o
specily 1the provisions of the proposed
FIFRA GLP standards which will nat
apply to studies designed 10 deterone
the physical and chemical
charactenstics of a test, control. or
reference substance. Most studies
designed to determine the physical or
chemical characteristics of 4 test,
control, or reference subsiancs rarely
involve any modifications to the
protocol or exparimental design and ars
usually conducted in an assembly line
fashion. Therefore, proposed
§ 160.135(a) relaxes the requirements of
the GLP standards without
compromising the quality or integnity of
data generated from these studies,

However, in § 180.135(b}. EPA is also
Proposing that the exemptions listed 1n
proposed § 160.135(s) will not apply to
studies designed 1o determine siability,
solublity. octanal water partiton
coefhicient, volatlity, and persistence of
A lest. control. or reference substance.
These types of physical and chemical
characterization studies gre more
complex in design, execulion, and
nlerpretation. and EPA does not believe
that if can be sssured of tha quality and
1ategrity ol data generated from thess
studies withou! complete GLP
compliance,

18. Section 160.18% Reporting of study
results. a. In § 160.185(a)(S), EPA i
praposing to require that the final report
include information relating to 1he
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- modification ta 4§

solubility. in addition to sabubty, of the
test. control or reference subsiance f
sowbility infortmatan way \™pertant g
the conduct of 1he exger:ment. Thiy
chdnge 11 consisten| with the droposed
160.105(t} nd
180.113{a){2) (see discussian of propnsed
1] 160.105(b} and 180.133[a)f2)).

19. Section 160.190 Storage ond
retrievol of records ond dotu, a. In
{ 160.190(a). EPA preposes to coanform 1a
the revised FDA GLP regulations by
modifying this section to state that
specimens obtained from mutagenicity
tests and specimens of blood. uRne.
feces. and biological Nuidy generated 13
a result of a study need not be retainad.
EPA is sl1o Proposing that § 160.190{a}
8'.le that specimens of so1l, water. angd
piants obtained from envirenmental
testing need not be retaineq. £PA agrecs
with FDA’s conclusion that retention of
these specimens beyond initia)
evaluation ia burdensame and does not
have a significant impact an the quality
of a study.

b. As in the revised FDA GLPs. EPA
proposes to revise § 160.190{e} by
deleting the requiremeni that study
materiale which are retained in archives
must be indexed specifically by test
substance, date of study, test system,
and nature of study. EPA agrees with
FDA that the intent of ths seclion is tg
require indexing of malenals in such 3
way a8 1o permit expedient retrevai
from archives. EPA does not believe 1t ;s
Recessary to stipulate the specific
indexing terms which myst be used.

20, Section 180.19% Retention of
records. a. In § 160,183, EPA proposes tu
delete the examples provided in the first
sentence of paragraph (c). EPA bas
proposed this change in conformuly with
FDA's recent revision becayse EPA
agrees with FOA that these examples do
not clarify which matenals must be
retained from a study, and thecefore, are
not neceswary in this section.

b. EPA is alsa Proposing to mudify
§ 160.195{(c) to state that specimens
obtained [rom Mutagenicily teqiy,
spec:meny of soul, water. and planis. ind
wet specimens of blood. urine, feces,
biological fluids. do nos need 1o be
retained beyond quality assurance
review. This change has been adopted
in order 10 be consistent with the change
discussed n praposed § 160.190{a).

c Innew 180.195(1). EPA proposes 1o
stlow records and prher “raw data”
required by these regulations to be
retained esther as onginal records ar a3
true cop;ea. such as photocopies,
microficha, or other accurate
reproductions of the onginal records,
This provision would be incorporated in
the FIFRA GLPs. in § 160.195(i). in order
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'3 be cons:siant with the recent changes
1o FOA's Cond Luboratory Practice
Requlabiuns.

il. Economic Analysis

In orcler to satisly requirements flor
analysis as specified by Executive Orde:
12291 and the Regulatory Flexibility Act.
the Agency developed a document
entitled “"Regulatory Impact Analyns of
the FIFRA Good Laboratory Practices
Regulations”. This decument. which s
svailable for public inspection,
estimales the costs of comphance with
the proposed revisiuns to the FIFRA
Cood laboratory Fractices Regulations.
Compliance costs were estimated using
data [rnm a survey of laborataries
potentially affected by the revised GLP
reguianon and from data on pesucides
lrsiing demand and costs taken from a
1980 study of the pesticides testing
industry.

It was found that the GLP revisions
will not increase the costs of health
eifects testing and that non-heaith
eifects testing costs will increase by
aboul 20 percent. It is estimated that the
adoption of the proposed GLP revisions
would increase annual pesticide testing
costs by between $6.3 and $9.9 mullion in
1988 dollara.

L. Statutory Requirements

Adq required by FIFRA section 25,
copies of this proposed rule were
provided lo the Scientific Advisory
Panel. the Secretury of Agriculture, the
Senate Committee on Agricullure,
Nutrition, and Foresiry, and the House
Committee on Agriculture. No comments
were received [rom either Congressional
Committee and the FIFRA Scientific
Advisory Panel waived ity review of this
praposal. The lollowing are the
comments of the Secretary of the
Department of Agriculture and the
tesponse of EPA:

The Secretary of the Department of
Agricuiture requested that the definition
of “study” be modified ta moce clearly
refllect CPA’s intent that CLP compliance
for efficacy testing be limited to product
performance ss required by 40 CFR
158.160. We have modified the definition
of “study” accordingly.

The Secretary asked if the reguiation
requires that only studies conducted in
accordance with the GLPs are
acceplable for Agency review and. are
there any conditions undet which a
study can be accepted which did not
fwly comply wath the GLPs?

Sludies may be submitied 1o EPA
which do not completely conform 1o the
GLPs as long as the Statement of
Compliance. required by § 180.12[b) of
tke GLP regulations. describes in fetail
2!l differences between the oructices

Jsed 11 the study and those required by
the CLP's EPA will review these studies.
However. EPA will decide on & case-by-
case bams whether studies which
deviate from the GLPs are acceptable to
support the pesticide product
registration. or ather marhketing and
research permit.

The Sccretary of Agriculture asked if
studies which reflect negalively ona
chemical use, or studies which report
toxi¢ or carcinogenic efflects will
automatically be ignored by EPA f they
have not been conducted under
serifiable GLP conditions.

EPA wull not ignore scientific data
which does not comply with the FIFRA
GLP standards. and may chaose to rely
on such data for purposes of showing
adverse effccts. However. as staled by
§ 160.17(a) of the FIFRA GLPs. EPA may
determine that data which does not
comply with the GLPs is not reliable to
support an application for a research or
marketing permit. Further. § 160.15{b) of
the GLPs states that “The determination
that a siudy will not be considered in
support of an application for a research
or marketing permit does not, however,
rehieve the applicant for such a permit of
any obligation under uny applicable
statute or regulation 10 submit the
results of the study to EPA.” Adverse
e[fects data. which is reuited to be
submitted 10 the Agency under FIFRA
section 8(a)(2). must be submitted to the
Agency regardless of whether it
complies with the GLPs or not. The
Agency does not now. and will not in
the future. require FIFRA section 8(a){2)
dats to be generated and submitied to
the Agency in accordance with the
GCLPs EPA will not ignore any FIFRA
section 6(a)(2) data. However,
additional testing required by the
Agency as a result of the FIFRA section
#{a2) finding must be conducted In
accordance with the GLPs.

The Depariment of Agriculture
commented that if they are required to
conduct the analyses described in
14 160.105 and 160.113. 1t would greatly
limit their resources and capability to
conduct studies under the minor use
pesticide program. They state that they
are working wilh labeled pesticides
which already have tolerances
established in food crops. and that are
Lie:ng utilized under simulated
rormmercitl condinons. Therefare. they
Lo wve that the informataon gained from
*ese inaiyses would not be of any real
v £~ t-gnce 1o the results of the studies
'ur vif:cacy. phyiotoxicity, and residue.

YPA continues 1o believe that
adegerate test, control. and reference
suustance chiractenzation. and
knowiedge of *heir behavior in the
miviure 13 essential to assure the
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gaainy and inregnty of the test EPA

agrees that the analyses of a test, =
contrcl. or reference substance mixed
with & carrier. as required by § 160.113.
may be costly. However. some cost
savings can be realized by obtaining the
documentation af the identity. strength,
punty, and composition for each batch
of the test, control. and reference
substance. ss required by § 160.105.
from the manufacturer of these
chemicaly (this 19 particulacly pertinent
wher the chemical 18 specifically
syr:thesized for the test). These analyses
do not have to be repeated by the
testing facility.

Finally, please note, the analyses
required by §§ 160.105 and 160.113 are
only required for efficacy testing of the
types of products specified by 40 CFR
158.180 [e.g.. for pesticide products that
claim to control micreorgamsma that
pose a threat 10 human health and
pesticides that claim \o control
vertebrates that may transmil diseases
to humans). Therefore. in most cases
efficacy testing that is conducted under
the Department of Agriculture’s minor
use pesticide program is not required to
comply wath the requirements of the
GLPs. including the analyses required by
§§ 100.10% and 160.113.

Finally, the Secretary of the
Department of Agriculture asked il there
13 a grandfather provision for studies
conducted prior to the implementation
of the regulations.

EPA does nat intend to require
compliance with the revised GLP
standards for studies begun sigmificantly
before the effective date of the final
version of these proposed regulations.

1V. Other Requlatory Requirements
A. Executive Order 12291

Under Executive Order 1229, EFA 13
required to judge whather a rule 15 a
“major” one and 19 therelore subject 1o
the requirement of a Regulatory Impact
Analysis. The proposed amendments of
the FIFRA Good Laboratory Practice
Standards would not be & major rule
because they do not meet any of the
criteria set farth and defined in section
1(%} of the Order.

8 Reguiatory Flexibility Act

This rule has been reviewed under the
Regulatory Flexibility Act of 1980 |Pub.
L 96-354; 94 Stat. 1185 (5 U.S.C. 60 el.
seq.l) and it has been determined that it
wiil not have significant economic
impact on a substantial number of small
bus'nesses, smail governments. or small
organizations.
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C. Pcperw-irk Reduction Act

The Office of Managsment and Dudget
{OMB) has approved the information
collection requircments conlained in this
proposed ruie under the provisions of
the Paperwork Reduction Act of 1980, 44
U.S.C. 3501 ef seq.. and has assigned
OMB control numbers: 2070-0024. 2070~
0032, 2070-0040. 2070-=0055. 2070-0057.
2070-0080. Comments on these
requirements should be submutted to the
Office of Information and Regulatory
Affairs of OMB, marked “Attention:
Desk Officer for EPA.” The final rule
will respond to any OMB or public
comments on the information collection
requircments.

List of Subjects in 40 CFR Part 180

Cood labotstory practices.
Laboratories, Environmental protection.
Hazardous materialy, Chemicals.
Recordkeeping and reporting
requirements.

Dated: Decamber 8. 1987,
Las M. Thomas.
Admiaistrator.

Therelore. it is proposed that 40 CFR
Part 160 be amended as follows:

PART 160—{ AMENDED|

1. The suthority citation for Part 160
continues to read as follows:

Autharity: 7 U5.C. 1364, 136¢ 138d. 1281,
138), 136t 138v, 128w; 21 U.S.C. 3482, M8, 171,
Reorganization Plaa No. 3 of 1970,

2 In § 100.3, by removing the
alphabetical paragraph designations in
paragraphs (a) theough (q): by revising
the definitions for “Control substsnce.”
“Sludy,” and “Test system™; by
replacing the term "Test subslance or
mixture” with the term “Test
substance”; snd by alphabetically
inserting definitions {or “Carrier”,
“Experimental start date”,
“Experimental termination date”.
"Reference Substance”, *Study
completion date”, “Study initiation
date”, and “Vehicle". 10 read as follows:

§ 1803 Definitiona.

“Carrier” means any materisi (e g.,
feed. water, soil, nutrient media) with
which the test substancs is combined for
administration to test organisms.

“Control substance™ means any
chemical substance or mixture or any
other material other than a test
substance, [eqd. or water that ls
administered to the test system :n the
course of study for the purpose of
eslablishing s basis for comparison with
the test substance for no-effect jevels.

"Experimental slart date” means the
[rsi date the test substance is applied 10
the test system.

“Experimental termination date™
means the lsst dale on which dats are
collected directly [rom the study.

“Reference substance” means any
chemical substance or mixturs or
material other than & lest substance,
fved. or water that is acminisiered 10 or
used in analyzing the test system in the
course of a study for purpases of
establishing a basis {or comparison with
the lleat substance for known efTect
levels.

“Study" means any exporiment in
which s test substance is studied in a
lest system under laboratory conditions
or in the cavironment 10 determine or
help predict its effects, metabollam,
product performance (efficacy as
required by 40 CFR 153.180},
environmental and chemical [ats,
persistence and residue, or other
characteristics in humans, other living
organisms, or media. The term does not
include basic exploratory studies
carried out to determing whether a test
substance has any potential utility.

“Siudy completion dste” means the
date the final report is signed by the
study director.

+ L] - * L]

“Study initlation date” means the date
the protocol is signed by the study
director.

“Test substance” means & substance
or mixture administered or added to a
lest system in a study. which substance
or mixture:

(1) Is the subject of an application for
a research or marketing permit
supported by the study. or is the
contemplated subject of such an
application: or

(2) 1s an ingredient, Impurity,
degradation product, metabolite. or
tadicactive isotope of a substance
described by paragraph (1) of this
definition, or some other substance
reialad to a substance described by that
paragraph. which is used in the study to
assist in characterizing the toxicity,
metabolism, or other characteristics of a
substance descnbed by that paragraph.

"Test system” means any snimal.
plant. microorganism. chemical or
physical mairix {e.g.. soil or water), or
subparts thereof, to which the test or
control substance 1e administered or
added lor study. "Test system” also
mcludes appropriate groups or
components of the system not treated
with the test. control, or reference
rubstance.

Page 8-51

“Vehlcle” means any agent wich
facilitates the mixture, dispersi-a. or
solub:lization of a test substan-e w:th a
carrier.

3. In § 180.29. by revising paragraphs
(d). (e). and ([]) to read as [ollows:

§ 140.29 Personnel

(d) Personnel shall take neceszary
personal sanitation and health
precautions designed to avoid
contamination of test. control. and
reference substances and test systems.

(e} Personnel engaged In a study shall
waar ciothing appropnate for the duties
they perform. Such clothing shall be
changed as often as necessary to
prevent microblological, radiclogical, or
chemical contamination of test systems
and test, control, and reference
substances.

() Any individual found at any time 10
have an illness that may adversely
affect the quality and integrity of the
study shall be excluded {rom direct
contact with test systems, and test.
control, and reference substances. and
any other operatioe or funchion that may
adversely slfact the study urtil the
condition is corrected. All personnel
shall be instructed to report to their
immediate supervisors any health or
medical conditions that may reasonably
bae considered to have an adverse effect
on s study.

4. In § 180.31, by revising paragraph
(b) 10 read as followe:

§ 160.31 Testing faciiity mansgement.

{b]) Replace the study director
promplly If it becomes necessary \o do
80 during the conduct of a study.

5. In § 100.35, by revising paragraphs
(u) and (b} (1) and (3) and removing
paragraph (e) to read as follaws:

§ 180.3% Quality assurance unit

(a) A tesling [acility shail have &
quality assurance unit which shall be
responsible for monitoring each study to
assure management that the [acilities.
equipmant, perscnnel, methods,
practices. records, snd contrcls are in
conformance with the regulations wn this
part. For eny given study, the quality
assurance unit shall be entirely separate
from and independent of the personnel
engaged in the direction and conduct of
that atudy.

{b) The qualily assurance unit shall:

(1) Maintain a copy of & manter
scheduls sheet of all studies conducted
at the ieating facility indexed by test
substanca and containing the test
tysiem. nature of study. daie study was
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in.tialed. current ataius of each study.
i«denity of the sponsor, and name of the
study director.

(3] inspect each study at intervals
adequate to ensure the integnity of the
study and maintain written and properly
signed records of each periodic
inspection showing the date of the
inspecuon. the study inspected, the
phase or segment of the study inspected.
the person performing the inspection.
[.ndings and problems, action
recommended and taken to rescive
existing problems, and any scheduled
date [or reinspection. Any problems
which are likely 10 affect study integrity
found during the coursa of an inspecuon
shall be brought 1o the attention of the
siudy director and management
inmediately.

8. By revising § 160.41 to read as
follows:

§ 4 it Senersl

ting facility shall be of
[l ze and construction to
[ e proper conduct of studies.
T -ilines which ace not localed
withur .. ndoor controlled environment

shalil be of suitable location lo facilitaie
the proner conduct of studies, Testing
facilities shall be designed s0 that thars
is a degree of separation that will
prevent any function or activity from
having an adverse eflect on the study.

7. By revising § 180.43 to read a8
follows:

§ 180.43 Tost system care faciiities.

{a) A testing facility shall have a
sufficient number of animal rooms or
other test system areas, as needed. to
ensure: proper separation of specics or
lest systems, isolation of individual
projects. quarantine or isclation of
animals or other test systemas. and
routine or specialized bousing of
smmals or other test systems.

- (1) In tests with plants or aquatic
amimals. proper separation of species
can ba accomplished within a room or
area by housing thera separately in
different chambers or aquaria.
Separation of species {s unnecessary
where the protocol specifies the
simultansous exposure of iwo or more
species in the same chamber, aquarium,
or housing unil.

(2] Aquatic toxicity testes for
individual projects shall be isolated to
the extent neceasary 10 prevent cross-
contamination of different chemicals
used in different tests.

(b} A testing facility shall have o
number of animal rooms or other test
syslem arvas separste {rom Lhose
described in paragraph (a) of this

section 1o ensure 1solation of studics
being done with test systems or test.
control. and reference substances
known to be bichazardous. including
volatile substances. aerosols.
radigactive materials. snd infectious
agents.

{c] Separate areas shell be provided.
as appropnate, for the diagnasis,
treatment. and control of laboratery test
sysiem diseases. These areas shall
provide efTective 1sclation for the
housing of test systems either known or
auspected of being diseased, or of being
carmiers of disease. from other test
systemas.

{d} Fucilities shail have proper
provisions for collection and disposal of
contaminated walter, s0il, or other spent
materials. When animals are housed,
facilines shall exist for the collection
and disposal of sl animal waste and
ref{use or for safe sanutary storage of
waste before removal from the testing
lacility. Disposal facilities shal! be so
provided and operated as to minimize
verm:n infestation. odors, disease
hazards. and environmental
contamination.

{e} Facilities shall have provisions to
regulate enviranmental conditions [e.g..
temperature, humidity, photoperiod) as
specified in the protocol.

(f) For marine test organisma, an
adequaie supply of clean sea water or
artificial ses water (prepared [rom
deionized or distilled water and sea sail
mixture) shall be available. The ranges
of composilion shall be as specifiad in
the protocol.

{g) For [reshwaler organismas, an
adequate supply of clean water of the
appropnate hardoess, pH, and
temperature, and free of contamicants
capable of interfering with tha study.
shall be available as specified in the
protocol.

(h) For plaots. an adequate supply of
soil of the spprepnata compontion. as
specified in the protocol. shall be
available as needed.

& By revising § 100.45 tq read a»
follows:

§ 160.45 Test n-mum supply facilitiea.

{a) There shall be slorage areas. as
needed. {or feed. nutrlents. soils.
bedding. supplies. and equipment.
Storage arens [or feed nutrients. soils,
and “cdding shall be separnied from
areay ~ounng the test systems and shall
be protected aguinst infestation or
contamination. Penshable supplies shall
be preserved by appropriate means.

b} When eppropnate, plant supply
factities shall be provided. These
include:
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[1] Facilities. as specified in the
prutocol. for hoiding. culturing. and
maintaining algae and aquatic planta.

{2! Facilities, as specified in the
protocol, for plant growth (e g.,
greenhouses. growth chambers. light
banks).

[c] When appropnale, facilities for
ayuatic ammal tests shall be provided.
These inciude aquaria. holding tanks.
ponds. and ancillary equipment, as
specified in the protocol.

9. By revining § 180.47 to read a9
follows:

§ 180.47 Foacilties for handling test,
control, and reference substances.

(a) As necessary to prevent
contanmunation or mixups. there shall be
separste areas for

(1) Receipt and storage of the lest,
control, and reference substances.

(2) Mixing of the test, control. and
teference substances with a carmer. e g.
feed.

(3) Storage of the test. control, and
reference substance mixtures.

{b) Storsge areas [or test, control,
and/or referenca substance and for test.
control. and/oc reference mixtures shall
be separate from sreas housing the test
systemns and shall be adequate 10
preserve the identity, strength. purity.
and stability of the substances and
mixlures.

10. By revising § 100.40 to read as
lollows:

§ 160.48 Laboratory oparation arssa.

Separate laboratory space and other
space shall be provided. as needed. for
the performance of the routine and
specialized procedures requred by
studies.

§ 180.53 [Removed]
11. By removing § 160.52
Adm:nistrative and personnel faciliues.
12. By revising | 18081 Lo read as
follows:

§ 160.61 Equipment design

Equipment used in the generation.
measurement. or assesament of data and
equipment used for facility
environmental control shall be of
sppropriate design and adequate
capacity to funcuion according Lo
protocol and shall be suilabiy located
{or operation. nspecuon. cleaning, and
mamtenance.

13. In § 160,63, by revising paragraph
(b) 10 read as follows:

{ 18043 Muintenence and calbration ot
equipment.

(b) The wnitten standard operating
procedures required under
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¢ 1r81{LY11] shull set farth in
salficiont detdi] the methods, materiala.
and schedules to be used in the rouiine
in~pectivn, cleaning. Maintrnance.
1esting, calibealion. and/or
standardization of equipment, and shall
specify, when approprisils. remediul
achon lo be taken in the event of failure
or malfunchion of equipment. The
written standard operatling procedures
shall designate the person responsible
fur the performance of each nperatinn,

14 In § 160.81. by revising parugraphs
(u) {th. (2). (3). (), (6], (7). and (12) and
{c) to rcad as follows:

§ 18080t Standard operating procedures.

!b, * e

(1) Test system room preparztion.

(2} Test system care.

{7) Receipt. identification. storage.
handling, mixing. and method of
sampling of the test. control. and
relerence substancet.

. - * . .

5] Laboratory or other tests.

6) Handling of test systems {ound
monbund or dead during siudy.

(7] Necropsy of test systems or
posimortem examination of test
systoma,

(12) Transfer. proper placement. and
idenufication of test systems.

{c) Each laboratory or other study
area shall have immediately available
manuals snd standard operating
procedures relative to the laboratory or
field procedures being performed.
Published literature may be used as &
supplement lo standard operating
procedures.

15. By revising § 180.90 1o read as
follows:

4 180.80 Animal end othar test ayatem
care.

{a} There shall be standard operaiing
procedures for the housing, feeding,
handling. and care of unimals and other
test systems.

(b} All newly received test saystems
from outside sources shall be isolated
and their health otatus or
appropriateness {or tha stydy evaluated.
This evaluation shall be in accordance
with accepiable velerinary medical
practice or scientifle practics.

(<) At the initiation of & study. test
systems shall ba free of any disease or
condition that mignt interfere with the
purpose or conduct of the study. Il
duning the course of the study. the test
systems conteact such & disease or
condition. the diseased test systems

should be isolated. if necessary. These
trst systems may be treated for disense
or signy of d:sease provided that such
treatment does not interfere with the
study. The diagnosis. autherization of
trealment, description of treatment, and
each date of treatment shall be
dncumented and shall be retuined.

(d) Warm-blooded animalys. aduit
repliles. and adull tervesirial
amphibians used (n laboratery
procedures that require mantpulations
and observations over an exterded
period of ume or in studies that require
these test systems lo be removed from
and returned !o their test aystem-
housing uaits for any reason {e.g.. cage
cleaning. treatment, etc.), shall receive
appropnate identification {e.g.. latioo,
toe clip. color code. ear tag. esr puach.
etc.). All information needed 10
specifically identtly each test system
within the test sysiem-housing unit shall
appear on the gutside of that unit.
Suckling mammals and juvenile birds
ere excluded from the requirement of
individual identification unless
otherwise specified in the protocol.

[e} Except as specified in paragraph
{el(1) of this section. test systems of
different species shall be housed in
separate rooms when necessary. Test
sysiems of the same species, but used in
different studies. should not ordinarily
be housed in the same room when
madvertant exposure to test, control, or
reference substances of test system
mixup could affect the oulcome of either
study. If such mixed housing is
necesaary. adequete diffetentiation by
space and identification shall be made.

{1} Plants, invertebrate animals,
aquatic vertebrate animals. and
organisma thal may be used in
multispecies tesis need not be housed in
separate rooms, provided that they are
adequaiely segregated to avord mixup
and cross conlamination.

(2} [Reserved]

(f} Cages. racks, pens, enclosures,
squana. holding 1anks, ponds. growth
chambers, and other holding. rearing
and breeding areas. and accessory
equipment, shall be cleaned and
samtized at appropriale intervals.

{9) Feed. soil, and water used for the
test svstems shall be analyzed
peniodically to ensure that contaminants
known to be capable of interfaring with
1he study and reasonably expacied 1o be
present in such feed, s0il, or water are
not present at levels above those
specified in the protocol. Documentation
nf such analyses shall be maintained us
raw data.

(h) Becding used in animal cages or
pens shall not interferq with the purposs
or conduc! of the study and shall be
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chunged at aften as necesnary to keep
the animals dry and clean.

1) 1f any pesl control matetiala are
used. the use shall be documented.
Cleaning and pest controi materials that
interfere with the study shail not be
used.

{i) All plant and anima! 1est organisms
shall be acclimatized, prior to thewr use
in an experiment. to the environmeniat
conditions of the test.

Subpart F—Test, Controt, and
Reference Substances

18. By revising the heading for Subpart
F to read as set forth abave,

17. By revising § 160.105 to read as
follows:

§180.108 Tesl, controt, and reterence
substance characterization

{a) The identity, strength. purity. and
compasition, or other chasacteristics
which will appropriataly define the test.
control, or refsrence substance shall be
determined for each batch and shall be
documented before its use in an
experiment. Methods of synthesis,
fabrication, or derivation of Lhe lest.
cantrol, or relerenice substance shall be
documented by the sponsor or the
tesiing facility,

(b] The stability and. when relevani to
the conduct of the experiment. the
solubility of each test, contral. or
reference substanca shall be determined
by the testing facility or by tha spunsor
before the experimental start date.
Whars periodic analysis of sach baich is
required by the protocol, thers shall be
written standard operating procedures
that shall be followed.

(c} Each storage container for a test,
control. or reference substance shall be
labeled by name. chemical abstracta
service number [CAS) or code number,
batch number, expiration date. if any,
and, whera appropriste. storage
conditions necessary to maintain the
identity. strength, purity, and
compasition of the test, control. or
reference substance. Storage containers
shall be assigned 10 a particular test
substance {or the duration of the study.

(d) For studies of more than 4 weeks
duration, reserve aampies from each
batch of test, control, and reference
substances shali be retained for the
penod of time provided by § 160.195.

|e) The stability of test, conirol, and
relerence substances under test
conditions shail be known for ail
studies.

18. In § 1680.107. by reviang the section
headsng snd int >ductory text 1o read as
follows:
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§ 160.107 Test. control, and relerence
substance handiing.

PMrocedures shall be established for a
system [ar the handling of the test,
control, and relerence substances lo
ensure that:

19. By revising § 160.113 1o read as
follows:

§160.113  Mixtures of substances with
carriers.

(a) For each test, control, ot relerence
subsiance that is mixed with a carrier.
tests by appropriate unalytizul methods
shall be conducted:

{1} To determine the unifurmity of the
rmixture and to determine. penodically,
the concentration of the lest, control, or
reference substance in the mixture.

{2) To determine the stability and,
when relevant to the conduct of the
experiment, the solubility of the tast,
control, or reference substance in the
m are hefore the experimental start
. " -mination of the stability and

. { the test. control. or
- bstance in the mixture shall
ncer the environmental

wi. s specified in the protocel and
43 required by the conditions of the
expenment. Where periodic analysis of
the mixture is required by the protocul,
there shall ~e w=:tten standard
operating procedures that shall be
followed.

(b) Wher= any of the components of
the '»«t_c~ -rol, or reference substance
ca'r - :te has en expiration dale,
thut inall be clearly shown on the
conta.. - . If more than one component
has an expiration date. the earliest date
shall be shown.

(<) I a vehicle is used to facilitate the
mixing of a test substance with a carrier,
assurance shall be provided that the
vehicle does not interfere wilh the
inlegrity of Lhe test,

20. In § 180.120. by revising parugraph
(a) to read as follows:

*§$160.120 Protocol

(a) Each study shall have an approved
written protocol that clearly indicates
the objectives and all methods for the
conduct of the study. The protocol shell
contain but shall not necessarily be
limited to the lollowing information:

(1) A descriptive title and statement of
the purpose of the study.

{2) Identification of the test. conirol.
and reference substance by name,
chemical abstracts service (CAS)
number or code number.

(3) The name and sddresa of the
sponsor and the name and address of
the testing facility at which the study is
being conducted.

(4] The propnsed expenimental start
and termination dates.

(5] Justufication for selection of the
test system,

(6) Where applicable, the number,
body weight, sex, source of supply,
species, sirain, substrain, and age of the
test system.

{7] The pracedure for identification of
the test system.

(8) A description of the experimentdl
design. including methods for the controi
of bias.

{3} Where applicable. a descriptiun
and/or idenufication of the diet used in
the study as well as solvents,
emulsifiers and/or other materials used
1o selubilize or suspend the lest, control,
or reference substances before mixing
with the carrier. The description shall
include specifications for acceplable
levels of contaminants that are
reasonably expected 1o be present in the
dietary materials and are known to be
capable of interfering with the purpose
or conduct of the study if present at
levels grester thun estublished by the
specifications.

{10) The route of admimstration and
the reason for ity choice.

(11) Each dosage level, expressed in
milligrame per kilogram of body or test
system weight or other 4ppropriate
untts. of the test, control. ur reference
suCsiunce {0 oe adminmisiered and the
method of frequency of administration.

{12] The type and frequency of test
analyses, and messurements 1o be
made.

(13) The records to be maintdined.

(14) The date of approval of the
praotocnl by the sponsor and the dated
signature of the study director.

(15] A statement of the proposed
statistical method.

21. 1n § 180.130, by revising
paragraphs (d) snd (e) to read as
follows:

§ 180.130 Conduct of a study.

(d) In animal studies where
histopathology 1s required, records of
gross lindings for « specimen from
postmartem observations shail be
available to & pathologist when
exammng thal specimen
histopathologicaily, -

le) All data generated during the
conduct of a study. except those that are
generiied by automated data collection
svsiems, shail be recorded directly.
prumptly. and legibly in ink. All data
eniries shall be dated on the day of
entry and signed or initisted by the
persan entering the data. Any change in
ertnies shall be made 39 a3 not to
obscure the ariginal entey, shall indicate
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the redson for such change. and shail be
Jutnd and s-gred oridenufied at the
ume of the change. In automated data
collection systems. the individual
respansible for direct dala input shai! be
tdentified at the time of data input. Any
change in automated data entries shall
be made 30 &3 not to obscure the
original entry, shall indicate (he reason
for change. shall be dated. and the
responsible individual shall be
idenufied.

22. By adding § 160.135 to read a3
follows:

§ 160.133 Physical and chemical
characterization studies.

{a) Except as provided in paragraph
{b) of this section, the following
provisions shall not apply to studies
designed lo determine physical and
chemical characteristics of a lest,
control. or reference substance:

§ 180.31 [c). (d). and [g)

§ 160.35 (b) and {¢]

f160.43

§ 180.45

§ 160.47

110049

§ 160 81(b) {1). [2). (8] through (9]. and (12}
§ 180.50

§ 180.105 (a) through (d)

§ 100.113

§160.120(a) (51 through [12). and {15)

| 160 185{4) |5) tkrough (8). (101 (12). and [14)
§ 160 193 () end (d)

(b} The exemplions provided in
paragraph (a} of this section shail not
apply to physical/chemical
characterization studies designed to
determine stability, solubility, aclanol
waler partition coefficient, volatility.
and pernistence (such as biodegradation.
photodegradation, and chemical
degradation studies). and such studies
shail be conducted in accordance with
this part.

23.In § 160.185. by revising
paragraphs (a} (4} and (5) to read as
fullows:

§ 160.185 Raporting of study resuits.

l‘) L) . -

(4) The test. control, and reflerence
substances identified by name. chemical
abstracts service (CAS) number or code
number. strength. purily, and
composilion. ot other appropriate
characteristics.

{5) Stabihity and, when relevant to the
conduct of the experiment. the solub:ihity
of the test, control, and reference
substances under the conditions of
admunistration.

24. In § 160.190. by revising

paragraphs (a] and (e} to read 43
follaws:
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£ 150 190 Storage and retrieval of records
and dala

14) Al raw da‘a. documentation,
records, protocols. specimens. and final
repurts generated o3 a result of a study
shall be retained. Specimens obtained
frum mulagen.city tests. specimens of
swil. water, and plants, and wet
specimens of blood. urine. Teces. and
hiralogical Muids, do not need to be
retgined beyond quality assurance.
Curresnondence and other documenta
relsning to interpreiation and evaluation
of data, other than those documcnts
vontained in the final reponi. also shall
tc retained.

(e) Material retained or referred to in
the archives shall be indexed to permit
expedient retrieval.

25. In § 180.195, by revising paragraph
[¢) and adding paragraph {i} to read as
follows:

§ 160.195 RAetention of recorda

(c) Wet specimens. samples of test,
control. or reference substances. and
specially prepared material which ere
relatively fragile and differ markedly in
stabihity and quality during storage.
shall be retained only as lang the quality
of the preparalion affords evaluation.
Specimens obtained from mutagenicity
tests. specimens of so1l, waler, and
plants. and wet specimens of blood.
unne, feces, biological fluids, do not
need to be retained beyond quality
assurance review. In no case shall
relention be required for longer periods
than those st forth in paragraph (b) of
this section.

(i) Records required by this part may
be retained either as original records or
as true copies such as photocopies,
microfilm, microfiche, or other accurate
reproductions of the onginal records.

{FR Doc. 82-28511 Filed 12-24-87; 0.43 am|
SALd CODL 00-40-4

40 CFA Part 792

LOPFTS—44018; FRL-1248-4)

Toxic Substances Control Act (TSCA):
Good Laboratory Practics Standards

AQENCY: Environmental Protection
Agency [EPA).
ACTION: Proposed rule.

SUMMAAY: EPA is proposing Lo amend
the TSCA Cood Laboratory Practice
IGLP) Standarda \o incorporate many of
the changes made by the Food ard Crig
Administration (FDA) 10 its GLP
reguistions and to expand the scope of

the TSCA GLP standards 1o apply 0
testing conducted in the field under
TSCA. EPA is proposing thu
amendment 1n order to ensure the
quatity and inteyrity of duts generated
from such studies.

DATE: Submit writlen comments on ot
befare March 28, 1984,

ADOAESS: Submit written comments,
identified by the document control
number [QOPIS-48018}. 1n triplicate to:
TSCA Public Information Office (TS-
793), Qffice of Pesticides and Toxic
Substances, Environmental Protection
Agency, Rm. NE=G004, 401 M St., SW.,
Washington, DC 20480,

The public record supporting this
action |s available for inspection at the
above address from 8 &.m. to 4 p.m..
Munday through Friday, except legal
holidays.

FOR FURTHER INFORMATION CONTACT:
Edward A. Klein. Director, TSCA
Assistance Office (TS-799), Office of
Toxic Substances, Rm. E-543, 401 M St.,
SW.. Washington, DC 20480 (202) 554-
1404,

SUPPLEMENTARY INFORMATION:
Following is an index to the remainder
of this preamble:

1. Iniroduction
A. Legsi Authority
B. Background
C. Consisiancy With FDA GLP Reguiations
D. Proposad Changes to the TSCA GLP
Regulations
II. Economic Analysis
II. Other Regulatory Requirements
A. Exscutive Order 12291
B. Regulatory Flexibility Act
C. Paperwork Reduction Act

L. Introductioa
A. Legal Authority

On Navember 29, 1983 [48 FR 52022),
EPA promulgated the GLP standards
under the sutharity of TSCA, section 4
{90 Stat. 2008, 15 U.S.C. 2603). Section
4(a) of TSCA suthorizes the EPA
Administrator to require. by rule. that
manufaclurers {including importers) and
processors of identified chemical
substances and mixtures tes! such
chemicals if certain findings are made.
Section 4(b](1) of TSCA spacifien that
each test rule shall include standards for
the development of lest data. Thess
standards are defined in section 3(12) of
TSCA to mean & prescription of—

(A) the= _

(1) heslth and environmental efTects. and

Iu} informaticn relating to the loxicuty,
persiatence. and athar charactensiica which
alfect henith and the environment. for which
test data for @ chemical substancs or mixture
are 10 be developad and any snalyss that ts
ta be performed on such dats. and
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‘Bl lo the extent necesrary 1o anaure that
dats respecting such effects and
charactensiice are reliable and adequate—

[1) the manner in which such duta are to be
developed,

(11) the specification of any 1es1 protocol or
methodology to be employed in the
development of such data, and

(i} wach other requirernents as sre
necessary to provide such sssurance.

In summary. the speciic authority to
issue the GLP standards s provided by
section 4(b}(1) of TSCA, which is further
explained by the definitions in sections
3(t2)(B)(i) and 3(12)(B](iii)-

In addition, the Agency also requires
sponsors o utilize these GLP standards
when conducting testing under TSCA
section 4 testing consent sgreements
and will include provisions to adhere 1o
these GLP standards in those
sgreements (see 40 CFR 790.80(s}(7)).
Also, it in the Agency's policy that all
dats developed as a result of rules or
orders under section 3 of TSCA should
bae in accordance with the GLP
standards. If data developed under
section S of TSCA are not generated in
accordance with the GLP standards. the
Agency may elect lo consider such data
insufficient to evaluate the health
effects. environmental effects, and [ate
of the chemical.

B. Background

EPA originally published enforceable
TSCA Good Laboratory Practice
Standards in the Federal Ragister of
November 29, 1983 {48 FR 53922). which
wers codified as 40 CFR Pant 792, At the
samae time. EPA published GLP
standards spplicable to testing under
the Federal Insecticide. Fungicide, and
Rodenlicide Act (FIFRA, 48 FR 53963, 40
CFR Part 160). These regquistions were
promulgated In response to
invesiigatlions by EPA and FDA during
the mid-19708 which revealed that some
studies submitted to the Agencies had
not been conducted in accordance with
acceptable laboratory praciices. Some
studias had been conducted so poorly
that the resulling data could not ba
relied upon in EPA's regulatory
decisionmaking process. For instance,
some studies had been submitted which
did not wdhere to specified protocols,
were conducted by underqualified
prrsonnel end supervisors, or were not
adequately monitored by study
1ponsors. [n some cases resulls were
seleciively reporied, underreported. or
fraudulently reported. In addition, It was
discovared thal some lesting facilities
displayed poor animal care procedures
and inadequate recordkeeping
technigues. The TSCA GLP stendards
speciy minimum practices and
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proced.res which n.ust be fullnwved 1n
order 1y ensure the quality and inlegnity
of data submitted 1n accordance wilh
TSCA scction 4 requirements. The 1983
TSCA GLP standacds also established a
nei. o that persons should comply with
LP standards when submitting data
ponse o rules and orders 13sued
: section 5 of TSCA, and when
iting data to the Agency
atanly,

+vhen EPA published its final TSCA
and FIFRA GLP standards in the Federal
Register of November 29, 1983, the
Agency sought to harmonize the
requirements and language with those
regulations promulgated by the FDA in
the Federal Register of December 22.
1978 (43 FR 80013}, and codified as 21
CFR Part 58. Differences between the
two Agencies’ current GLP regulationa
exist only to the extent necessary to
refllect the Agencies different statutory
responsibilities under TSCA, FIFRA,
and the Federal Food, Drug, and
Cometic Act [FFDCA). Similar (o the
FDA GLP regulations, the FTIFRA and
TSCA GLPs delineste standards for
studies designed 10 determine the health
efTects of a test substance; however, the
TSCA GLPs also contain provisions
related lo environmental testing [i.e..
ecological «ffects and chemical fate).

Comrpliance with EPA's GLP
regulations has been monitared through
8 pr-gram of laboratory inspections and
g%, - audits coordinated between EPA
= “DA. Under an Interugency

‘nent originating in 1978, FDA

< gut inspeclicns at laboratories
- conduct health effects testing.
EPA primarily performs laboratory
inspections and data sudils for
environmental studies.

After a thorough review of its GLP
regulations snd compliance program,
FDA concluded that some of the
provisions of the GLPs needed to be
clarified. amended. or deleled in order
(o reduce the regulatory burden on
lesting [acilities. Accardingly, FDA
proposed revisions to ite GLP
regulations in the Federsl Registar of
Octaber 24, 1984 (49 FR 43330), which
were inlended to simplily the regulation
wilhout compromising study integrity.
FDA's proposed revision has recently
been published as a final rule in the
Foderal Register of September 4. 1987
(52 FR 3768).

EPA agrees with FDA that many
provisions of the GLP regulations can be
sireamlined without compromising the
goals of the GLPy. Therefore, EPA 1a
proposing to amend the TSCA GLP
standards to incorporate many of the
changes recenily made by FDA 1o us
GLP regulations. In addition, EPA is
proponng to expand the scope of the

1STA GLPs to cover testing wherever it
Is conducted {e g.. fieli testing). In
another nonce in this Federa! Registar
EPA is proposing similar changes 10 the
FIFRA GLP standards.

C. Consistency With FUA GLP
Aegulations

ftis EPA’s policy to minimize the
regula’ory burden on the public which
might arise from cenflicting
requirements which could be
promulgated under dilferrnt regulatory
authorities. In keeping with this policy.
inc final 1983 TSCA GLP Standards. 40
CFR Part 792, followed the format and,
with few exceptions, the wording of
FDA's final GLP reguiations, 21 CFR Part
53. Differences between the EPA and
FOA GLP regulations were bused upon
varying needs and responsibilities under
each Agency’s regulatory statutes. This
proposed revision to the TSCA GLP
standards follows this same policy by
conforming to many of the changes FDA
tnade to tts GLP regulations. published
in the Federal Register of Septemnber 4.
1387 {52 FR 13788). EPA has varied from
FDA's revised GLP regulations anly
when necessary due to EPA’s statutory
responsibilities. The most significant
differences beiween the EPA proposal
and the revised FDA GLP regulations
are the scope af 'ne testing and test
systems aflected.

As1n the current TSCA Good
Laboratory Practice Standards. the
proposed revisions to the TSCA GLP
standards vary fram the FDA GLPs in
that the TSCA GLPs incorporate GLP
provisions for enviconmental testing
{EPA is proposing that the FIFRA GLPs
extend to environmental studies as
well). Environmenital studies include
rcological effects and chemical fate
studies. Ecological effects studies ave
those performed for development of
information on nonhuman toxicity and
potential ecological impact of chemicals
and their degradauion products.
Chemical fate studies are studies
performed to charactenze physical,
chemical. and pernistence properties of
a substance in order to evaluate the
transport and transformation of the
substance in the environment.

To ensure the qualily and integnity of
+it data generaled from environmental
«* .d:vs, 'he current TSCA GLP
~*«ndards contain requirements within
¥) (CFP Part 792 Subpart L applicable 10
e tI0R 22013 microbial organismy,

v idet.c urgar:sms, amphibians. repuiles,
114 birds, where appropnate. These
wauirements include provivions for
vare care faciliies, and supply facihilies
7.t the varioug test systems used in
viviranmental tesung. As v means of
c.mplifying the regulations, EPA 13
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proposing that the requirements
currently found wihin Subpart L be
merged into Subparts A through | of the
TSCA GLPs. Accord:ngly. it 13 propus.ed
that current § 792.43 Aninol core
facilities. § 792.45 Animal supply
facihiies. and § 7492.90 Amimal cere
incorpurate the provisions relaticg 10 the
care of teat sysiems. care [aciiities, and
supply facilities from § 792228 in
Subpart L. The expanded sections are
rentled in the proposed revision as
follows: § 792.43 Tes: system care
facilitins, § 792.45 Test system supply
facilitics. and § 792.90 Animal and other
{est system care. Further, in most
instances. EPA is proposing to replace
the terin “animal.” currently used in the
EPA and FDA GLP regulations, with the
broader lerm “test system.” Spec:fically.
this change is proposed in §§ 792.42.
792.45, 792.81, 792.90, and 792.120. These
proposed changes are {urther discussed
in Urut LD. of this preamble.

EPA’s proposed TSCA GLP standards
also vary from FDA's in their coverage
of testing conducted in the field. To
ensure the quality and integiity of data
submitted to the Agency. EPA believes
that GLP standarda must apply
whenever data collection accurs.
Because many of the test data required
by EPA are developed in the field, or
more accurately in outdoor laboratories
{i.e.. ground water studies. air
monitonng studies, degradation in soit,
etc.). EPA is proposing to include ficld
lesting within the scope of these
regulations.

The remaining differences between
the EPA and FDA GLPs are described in
the preambie 10 this proposed rule and
the preamble to the TSCA Good
Laboratory Practice Standards,
published in the Federal Ragister of
November 29, 1981 (48 FR $3922). EPA
has coordinated this propasal with FDA
and has considered comments received
on the proposal to amend the FDA GLP
regulations (October 29. 1984: 49 FR
4J520).

0. Proposed Chenges to the TSCA GLP
Regulutions

1. Section 792.1 Scope. EPA proposes
to emend § 792.1 to reflect the Agency's
option of entering 1n1a testing consent
agrecments in lieu of & test rule under
section 4 of TSCA. Consstently, the
term "testing consent agreement * has
been added to the defimition of “est
substance™ in proposed § 792.3, and has
been added in proposed 1§ 792.12 and
T9217.

2. Section 792.3 Delinitions. a. EPA
proposes thal the definition of the term
“carner” be moved from § 792.226{b) 1a
§ 792.3. As stated in Unut 1.C. ¢l 1his

RO
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preamblle. LPA 13 proposing 1o delete
Suhpart L and include ail the provisions
of Subpart L within Subparts A through |
of the TSCA GLP standards. Therelore,
EP.A proposes to define Lhe term
“camet” in § 792.3 to mean any
material. such as feed. water, soil.
nutriznt matenial, etc.. with which the
test substance is combined for
administration 1o test organisms.

b. EPA proposes 1o conform with the
Septcmber 4. 1987, FDA GLP regulations
Ly amending the definition of “control
substance” to exclude feed and waler.
EPA ugrees with FDA’s statement
regarding this change {52 FR 33769
September 4. 1987] that “the term
control [substance] should be reserved
for the discrete substances/articles. and
vehicles other than feed and water
administered 1a groups of the test
system to provide a basis of comparison
with the test {substance|.”

FDA contends that, under the current
definition of “control substance.”
because the control group of a test
system provides the basis for
comparison with a lest substance, any
substance administered 1o the control
group is considercd a control substance.
This means that feed and water given to
the controt group of a study are
considered a control substance. For
instance, in studies in which the test
substance or mixture is administered to
the test system orally, through feed or
drinking water. gavage, or injection, the
feed or waler is considered a control
substance. As a control substance. the
feed or water is subject to § 782.105(a)
for substance characterization,

§ 792.105(b] for tesiing for stability and
solubility, § 792.105(c) for requirements
for appropriute storage. § 792.105{d) for
retention of reserve samples. and

§ 792.107 lor documentalion of receipt
and distribution of each batch. EPA
agrees with FDA that placing these
requirements on the use of feed and
water a3 a control substance in control
groups unnecessarily burdens the
regulated community and is not
essential for ensuring the qualily and
integrily of the dats genersted by a
study.

lHowever, under 40 CFR Part 792, leed
and water used ss a carricr for the lest
and control substances or mixtures are
still covered by the applicable sections
lor the testing and storage of lest.
control, and reference substances and
mixtures. For example. § 792.21(e}
requires testing facility mansgement to
ensufe that materials are available as
scheduled: § 792.45 requires that test
system supply facilities shall be
provided to ensure proper leed storage:
§ 792 81(b){2) requires Standard

Operating Procedures (SOP) for test
system cere. including nutntion;

§ 792.90(g) requires penodic aralys:s of
fecd and waler 1o ensure that
contaminants which would interfere
with the study are not present;

§ 792.120(a)(9) requires the protocol to
describe and/or identify the diet used in
the study. Including the level of
cortnminants expected in the dietary
materials.

c. EPA also proposes to modify the
definition of “control substance” by
adding the phrase “for no effect levels.”
This addition ta the definition is being
proposed merely to clanfy the difference
between the term “reflerence substance”
and “contral substance.” While a
controt substance is used to determine a
baseiine comparison for no effect levels.
a reference substance (s used to
determine a baseline comparison to an
established effect level.

d. EPA proposes to add and define the
lerms "experimental start date” and .
“experimental termination date.”
“Experimental start date” is proposed to
mean the first date the test substance s
applied to the tesi system. Undar this
definition. as of the experimental start
date; (1) Under proposed § 792.105(b),
the stability end. if important to the
conduct of the experiment, the solubility
of the test. control. and reference
substance would have to be determined:
(2) under proposed § 792.113(a){2), the
stability and. when important to the
conduct of the experiment. the solubility
of the test, control. and refetence
substance in the mixture would have to
be determined and: (3) under proposed
§ 792.120({a)(4). the proposed
experimental start date would appear in
the protocol.

EPA proposes that “experimental
termination date” be defined as the last
date on which data are collected
directly from the study. Under
§ 792.120(a)(4). a3 proposed. EPA would
require the proposed experimental
termination date to appear in the
protocol. EPA considers histapathology
after scheduled terminal animal
sacnfice to be carried out before the
experimental termination date.

Experimental start and termination
dates would be expressed as the sctual
calendar dates, not just time-line
increments. Therefore, when
detcrmining the proposed experimental
start and terminalion dates. as would be
required by proposed § 792.120{a}(4). the
submilter should consider any lag lime
relating to protocol approval and
laboralory contracting.

e. EPA proposes (o add and define the
term “reference substance”. This term 13
currently defined n § 792.228(1) to mean
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40y chermical substance or muixtire or
madterial other than a tes! substance that
1s adminustered to or used in anaivzing
tha test system in the course of s study
for purposes of establishing a basis for
comparison with the test substance.
EPA proposes to add the phrase “for
known elfect levels” to this defir:hon to
more clearly distinguish the termy
“reference substance” and “control
substance™ (see discussion of the term
“contre] substance” in Un:t LD, of thas
preamble).

Ccnsistent with the Agency's ptoposal
to merge the provisions of Subpart L into
Subparta A through J. all the
requirements provided for test and
control substances are being proposed
to apply to “reference substances.”
Accordingly, the term “reflerence
substance” has been added wherever
the term "test and control substance”
appears in thess regulations.
Specificaily. it is proposed that the term
“reference substance” be added to
§ 792.29 (d) through {f); § 792.43(b):

§ 792.47(a) (1) through (3] and (b);

§ 702.81(b)(3); § 792.90(e); the Subpart F
heading: § 792.105 (a) through (e);

§ 782107: § 792113 (a) and (b}

§ 792.120(a) (2). (9). and (11); § 792.185{a)
{4} and (S); and § 792.195{c).

[. EPA proposes to amend the
definition of “sponsor” by replacing the
term “negotiated testing agreement”
with the term "testing consent
agreemenL” This proposal rellects the
Agency's option of entering into s
section 4 testing consent agreement in
lieu of & test rule promulgaied under
section 4 of TSCA.

8. EPA proposes to broaden the
definition of the term “study™ 1o be
consistent with the scope of testing that
may be submitied under TSCA sections
4 and §.

EPA is proposing to delete the phrase
“in vivo of in vitro” [rom the definition
of "study.” The Agency still intends the
requirements of these regulations to
apply to "in vivo and in vite™
experiments. Howaever. since the
Agency intends these regulations to
apply to all studies required to be
developed under TSCA. including those
conducted in the field. EPA believes that
the phrase “in vive or in vitro” in the
current definution of “study™ is too
Lirmiting.

Further. EPA 1s proposing to delete the
term “prospeclively” from the defimtion
of “study.” In this way. emdemiological
studies, wnich could be "retrospective.
will be required to be presented to the
Agency in accordance with the GLP
standards EPA recognizes that data
used in an epidemiclogical study may
not have been generated in ~onfarmance
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with the TSCA GLP standards, however,
it 13 EPA’'s contention that the
epidemivlogical study iseifl can be
cunducted snd submilted to the Agency
in sccordance with the GLPs.

E'\ 1 also proposing to delets from

the ~nt definition of “study” the

foi g sentence: “The term does nul
ing studies utilizing human subjects
ot _.-.cal studies or field trials in

animals.” Again, this change is
consistent with EPA's inlention that all
studies lollow GLPs which are required
to be conducted under TSCA.

h. EPA proposes to incorporate the
FDA definitions for “study completion
date” and "study initiation date” into
the TSCA GLP standards in § 792.2.
“Study completion dale” is proposed to
mean the date the final report is signed
by the study director. EPA advises that
the phrase “close of the study” ss used
in § 792.33(M) refers to the “study
completion date.” Therefore, ss of that
date: {1) Under § 792.33{(), the study
director must ensure that all rew data.
documentation, protocols, specimens,
and final reporta are transferred to the
archives: and (2) aftar this dste under
§ 792.185{c). corrections or additiona to
the final report must be in the form of an
amendment by the study director under
the procedures specified in that section.

EPA proposes to define “study
initistion dats"” as the date the protocol
19 signed by the study director. EPA

ad. -1 that the phrase “study is
ir -d" us used in § 792.31(a). and the
P :tudy was initisted” as used in
¢ 451 9)(1} refer to the “study

in. .at on date.” Therefore, ss of the
study nitiation date: (1) Under

§ 792.31(a). the testing facility
management would designate a study
director: {2) under § 792.35(b){1), the
siudy would be entered on the master
schedule sheet by the quality assurance
unut; and {3} under § 792.120(t:}, alter
this date all changes or revisions in the
protocol wauld be documented, signed
by the sludy director, and dated. EPA
also expects that as of the study
initiation date. under § 792.31(¢}. the
testing facility management would have
ensured that personnel resources.
facilities. equipment. materisl and
methodologies are availsble as
scheduled

i. EPA proposes o replace the term
"test substance or mixture” with the
term ““est substance.” This is an
editonal change which makes usage
conswslent in the GLP standards. The
lerm "test substance” is proposed to be
defined to include mixiures.

j. EPA proposes to incorporste the
gefinition of the term “tes! sysiem”
currently found at § 792.22¢(a] into the
definution of “1eut sysiem’” currently

found at § 792.3(p). Therefore, the
proposed definition of “test system™ in
proposed § 792.1 will include chemical
or physical matnces (e.g.. sull or water).

k. EPA proposes to incorporate the
term “vehtcle” currently found in
§ 792.226(g) into § 792.3 Definstions.

3. Sechion 792.21 Testing faciiity
moanagement. In conformance with the
revised FDA GLP regulations. in

792.31(b). EPA proposes to delete the
requirement that the replacement of a
study director must be documented as
“raw data.” EPA agrees with FDA that
this requirement is redundant with other
provisions of the GLPs. Fot instance,

§ 792.35(b)(1) states that the master
schedule sheet must contain the name of
the study director. As FDA notes (52 FR
31770), any replacement of the study
director would be reflected on the
master schedule sheel, which is already
considered “raw dala.” Further,

{ 792.120({b] stales that all changes in an
approved protocol must be documented
and signed by the study director.
Replacement of the study director is
considered to be & change in the
spproved protocol.

4. Section 79235 Quality assurance
unit {QAU) a. In § 792.35(s). EPA
proposes to conform with the revised
FDA GLP regulations by substituting the
term “which™ for the current phrase
“compesed of one :r mere :ndividuals
wha.” This change clarifies that EPA
does not require the QAU to be a fixed,
permanently stafled unit whose only
functions are to monitor the quality of a
study. The Agency is only concerned
that there be a distinct separation of
duyties between those personnel
involved wilth the conduct or direction of
2 study and those personne! performing
qualily sssurance on the same study.
Therefare. EPA does intend proposed
§ 792.15(a) to prohibit personnel [rom
performing quality assurance sclivilies
on their own study.

b. In § 792.35(b)(1). EPA proposes to
delete the requirement that the name of
the study sponsor sppear on the master
schedule sheet. Instead. it is proposed
that under § 792.35(b](1) the sponsar’'s
:dentity appear on the master schedule
sheel. This change is being proposed to
be consistent wilh the FDA's recent
sevinion and 1o provide the regulated
~ommunily 1the option of using an

‘wntity code on the master schedule in
vu of the spansor’s name.

EPA agrees with FDA's contention
‘%4t requiring the sponsor to be
.aeatified specifically by name on the
~ aster schedule is not essential to fulfill
he requirements of the GLPs or the goal
of ensunng the quality and integrity of
the data generated from the studies.
However, while the name of the study
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sponsor would not be required to appear
on the master schedule sheet. th:s
informafion must be made avaifable to
the Agency upon request.

c. As in the revised FDA GLP
regulations. EPA 18 also propasing to
delete the requirement in § 792.35(b){1)
that the master schedule sheet contain
the status of the final report. EPA agrees
wilh FDA that this requirement is
redundant in view of the other
information required by § 792.35{b){1)
such as the date lhe expenment began
and the current status of each study.

d. In conformance with the revised
FDA GLP regulations. EPA proposes to
modify the requirements of § 792.15(b)(3)
to provide for inspections of s study on
a schedule adequate to ensure the
integnty of the study. This section
currently specifies that the quality
assurance unit must inspect each phase
of a study periodically. This section also
currently epecifies that [or studies
lasting more than 8 months, quality
sssurance inspections shall be
conducted every 3 months. and for
studies lasting iess than 8 months.
quality assurance inapections shall be
conducied at intervals adequate to
ensure the integrity of the study.

The proposed changes to this section
will aliow the QAU the necessary
latitude to adjust its monitoring
activities to meet the individual
problems of sach study. EPA egrees
with FDA’s contention that an
inspection of each phase of the study Is
not necessary lo ensure thal & study is
being conducied properly. However,
EPA alsc agrees with FDA that esch
study, no matter how short, must be
inspected at least once while in process.
EPA expects that by allowang the QAU
Nexibility in designing a reasonabie
inspection schedule. the goal of ensuring
the quality of the study can be best
achieved.

e. Consistent with the revised FDA
GLP1, EPA is proposing Lo delete
§ 792.35{e} in its entirety. Section
792.35(e) currently requires that al}
quality assurance records be kept in one
location st the testing facility. As FDA
pointed out in its Oclober 29. 1964,
proposed GLP revision. since
§ 792.190(b] already requires the use of
archives for the orderly siorage and
expedient retnieval of all reports and
records. the requirements ol § 792.15{e)}
tre not necessary. However. EPA
maintains that sll reports and records,
including those of the QAU. must be
eanly acceasible and made available to
EPA and FDA inspectors when
requested.

S. Section 792.41 Ceneral. FDA has
deleted from its GLPs the requirement
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that the location of each testing facility
be suituble to facilitate the preper
canduct of studies. However, EPA is
proposing that | 792.41 require that
testing facilities which are not located
within an indoor controlled environment
be suitably located to facilitate the
proper conduct of studies.

The studies FDA requires are
generally conducted within the confines
of a traditional indoor laborstory.
Becsuse the conditions specified within
a protocal can be artificially
manipuiated within the traditicosl
indoor laboratory, the location of these
laboratories is generally not a factor in
determining the quality of a study.
Thereforw, it Is not necessary lo ensure
that & traditional indoor testing facikty
Is suitably located to facilitate the
proper conduct of the study,

Howevar, the studies EPA requires
are no! pecessarily conducted within the
confines of the traditional indoor
scientiflc labaratory (l.a., Beld studies.
exposufs monitoring studiet, ecalogical
loxicity studies, etc.). EPA considers any
site whare testing ls undertaken to
geoerats data required by the Agency 1o
be & lenting facility. The conditons
required by the protocol are aot
necessarily conducive te artificial
manipulation in the Beid. or other
outdoor testing facilities. Therefore.
ensuring the suitability of the location of
these types of testing facilities is both &
valid and necessary part of EPA's GLP
Standards.

8. Sectian 78243 Teet system care
facilities. a. EPA ia proposing o reviss
the title of § 78243 from “Animel care
facilities™ to “Test system care
facilittas.” The proposed beading for
§ 79243 more adequataly reflects the
Agency's intent 0 specify within the
main body of Lhe TSCA GLP Standards
the requirements for testing laciliues for
the care of chemical or physical
matricas {s.g. sod or water), plants, and
microorganisma. &8 well as animals.
Accordingly. the Agency is proposing W
further modify § 79243 by incorporaung
the term “les! system™ when facility
requirements should extend beyond
“animsl” care.

b. Consistent with the Agency's intent
to mcorporate tbe environmental teating
provisions currently found in Subpart L
into Subparts A ] of Part 792,
paragraphs (aj{1), (a)(2). [d). [e). [}. (5).
and (h) in proposed § 792.43 bave been
added or modified 1o incorporste the
provisions currently found in

¥ 792.228(b) 1) through (7).

< EPA proposes to modify § 792 43(a)
to allow esting facilities 10 provide for

isclation aress rather than quarantine
areas. This change ls conaistent with the
Proposal to modily § 792.90(h) to allow

“isolation™ of newly received animals
rather then requiring “quarantine” {See
Unit LD. of thas preamble for. a
discussion of proposed § 792.00(b)].

d. In § 792.43(c), EPA proposes lo
delete the requirement that separate
areas be provided in all casns for the
diagnosis, treatment. and control of test
system diseases. Inatead. it Is proposed
that such separate areas be provided
“as appropriate.” This proposal is
consistent with the September 4, 1987,
revised FDA GLP regulationa.

EPA has proposed this modiflcatioa in
order to allow laboratories the option of
dispasing of diseased animals and other
test aystems from the experiment
without also bearing the expense of
maintsining separate ereas in testing
(acilities for diagnosis, treatment. and
control of diseass. Additionally, EPA
recognizes that the diagnosis and
treltmontl, requirementa o!hl Wdz.ﬂ(cl
may not be appropriats when dealing
with such tast systems as soil. plants, or
microorganisms. Howevar. if the
decision is made not to dlaposs of the
test systam from the study. then test
system care facilities, as specifled In
proposad | 792.43(c). must be provided

¢. EPA proposss o conlotm to the
revised FOA GLPs by daleting
{ 782.43(e) in ils entirety. Currently,

§ 792.43(e) requires test eystem facilities
to be designed, construcled. and located
90 a3 to minimize disturbances which
may inlerfers with the study. EPA
agrees with FDA that this provisioa ls
slready adequately covered In § 70241,
which requires that facilitias be of
suitable size construction, and, for
outdoor testing facilities, location to
facilitata the proper canduct of the
study.

7. Section 792.45 Test system supply
facilitias. a. EPA proposes 1o
incorporate the provisions of
§ 7a2.228(c} into § 792.45. Therefore,
proposed § 792.45 will require that
supply facilities necessary for
environmental tesung be provided when
sppropriate.

b. Consistent with the proposed
expanded scope of this seclion, EPA is
also proposing to retitle § 79243 from
"Animal aupply facilities™ to ~Tast
system supply facilitiee.”

c. EPA proposes 1o modify § 79245 o
state “Perishable supplies shall be
preserved by appropriais means.” This
change is being proposed 1o conform
with the revised FDA GLPs and
recogmzes thal \bere are a variety of
accepiable storage and preservetion
procedures available other than
refrigeration. Depanding on the stabulity
tharscieristcs of the perishable
material, scceptable storage and
preservation methods may Include
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desiccation. room temperature-low
humidity. and ccnstant lemperature-low
humidity.

d. EPA also proposes to delete the
phrase “or fead” Irom the last sentence
of § 792.45. Both EPA and FDA consider
“feed” to be a “supply.” Therefore, the
use of the word “[eed” in § 79245 is
redundant.

8. Section 792 45 Laboratory operotion
areas. a. EPA proposes Lo conform with
FDA's revised GLP regulations by
deletmg paragraph (b) from § 792.48.
adding the phrase “and specialized”
after the word “routine” and before the
word “procedures,” and deleting the
qualifying phrese “including speciaiized
areas for performing activities soch as
aseptic 'mhhmini:vmj" c-n-nl.I
necropey, . radiography. and
handling of bjohazardous materials*

Parsgrapha (a) and (b). as currently
worded, describe activities which
require that separate laboratory space
be provided. As FOA noted in its
proposal to madify its corresponding
section, the Hst of activities that
currently appears in parsgraphs (a) and
(b) Is not all inclusive and i not
essentlal for the clarity of these
tections. Purther, by adding the phrase
“and specialized,”™ the proposed new
parsgraph will encompass all activities
now listed in paragraphs {a) and (b).

b. In § 702.49, EPA proposes to add
the phrase “and other space™ after the
words “leborutory space™ end before
the word "shal.” As dtecussed I Unit
1.C. of this preambile, this change to
§ 782.49 |s being proposed to reflect that
testing does pot necesarily take place
within the confines of a traditional
Indoor laboratory. Proposed § 792.49
would require that there be enough
space provided to petform the
procedurcs required by the protocol
wherever testing takes place (Le.. indoor
laboratory or fisld station).

9. Section 0252 Administrative and
personnef facilities. Aa in the revised
FDA GLP regulations. EPA proposes to
delete § 792.53 In its enlirety. EPA
agrees with FDA that the requiremants
of this section are not necassary for
achieving tha goals of the TSCA GLP
standards.

10. Section 792.61 Eguipment design.
In § 792.81, EPA proposes to delete the
phrase “Auwtomalic, mechanical, or
electronic™ from the beginning of the
first santence. EPA agrees with FDA
that tha deletion of these qualifying
terms provides for a mare general
interpretation of the ward “equipment”

11. Sectian 78283 Mainiasance amnd
calibration of equipment o Consistent
with the FOA GLPs, EPA is propasing o
emend § 792.83(b) 1o state that standard
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vperating procedures {SOPs) for
remed.al action [or equ:pment. in the
event of failure ot malfunction of
equipment. need only be establisked
when “appropriate.” This change
acknowledges that laboratories may
choose to discard rather than repair
equipment. and (n such cases SOPs
which delineate remcdial action are not
necessary.

b. EPA Is also proposing o conform to
the revised FDA GLP regulations by
deleting from § 792.83(b) the provision
that copias of tha SOPs shall be made
available to luboratory personnel EPA
still believes that laboratory personnel
must have access to laborstory SOPs:
however, since this requirement is
cleatly stated in § 792.81{c}, EPA
considers the inclusion of this provision
in § 792.63(b) to Le redundant.

12. 5. =tion 792.81 Standard opercting
proe< res. a. In § 792.81(b) (1), (2), (8).
(! (12}, EPA ls proposing lo replace
1 “animal” with the term "tast

* As discussed previously in this

e, this modiflcation is consistent

broad scope of test systems

ay be used in environmental

“urther, the Agency proposes to
ralend 4ll the SOP raquirements
outlined by § 79281 to environmental
testing. For instance, the provisions of
proposed § 792.81(b){11). which require
SOPs (or the maintenance and
calibration of equipment. would apply to
procedures for preparation and
maintenance of incubators. greenhouses.
or growth chambars, currently required
under § 782.228(d).

b. In § 782.81(b)(S). EPA is proposing
to require that SOPs be established for
tests wherever the testing is undertaken.
including those conducted in the field,
Accordingly, it is preposed that
§ 792.81(b)(5) read “Laboratory or other
tests” (see discussion of "field testing™
in Unit 1.C. of this preamble).

c. In conformance with FDA's revised
GLP regulations. EPA is proposing to
delete the list of examples for laboratory
manuals and SOPy required lo be made
immediately available under § 782.81(c).
EPA #till intends that laberatory areas
must have immediately available
manuals and SOPs for laboratory
procedures being performed. This
requirement still includes toxicology,
histology. clinical chemistry.
hemaiology. teratology. and necropyy. if
applicable. However, this list is not ail
inclusive and is 100 broad to serve ss a
useful guide. For example. this
requiremant aiso includes SOPs far the
malntenance, repair. and calibrabon of
squipment as described in § 792.83(b).

d. EPA ls also proposing 10 amend the
language of § 792.81(c) 10 clarify that the
requirement of this section slso applies

1o Leid testing fuc:lines. Therefore, it s
proposcd that § 792 31(c) will read.
“Fach laboratory or other study arca
shall have immediately available
manuals and standard opersting
procedures relative to the labaratory or
field procedures being performed.”

1. Section 792.90 Animal and other
{est system care. a. EPA 1s proposing Lo
retitle § 792.90 from "Animal care” 10
“Arims] and other test sysiem care.” As
previously stuted, testing required by
EPA may involve plants, soils,
micraorganiems, and ather lest systema.
in addition to animals. The proposed
title to § 792.90 reflects the broader
scope of test systems for which the EPA
intends this section to spply.

Further. 1t is proposed that the
provizions for test system care for
ecological effects testing, found in
§ 792.220(¢). be incorporaled into
propased § 792.90. Specifically. the
proposed revision incarparates the
requirements of: § 792.228(e)(1) into
proposed § 792.90(b). § 792.228(¢e}(2) into
proposed § 792.90(d). § 792.228(e|(3) Into
proposed § 792.90{e)(1). § 792.228({¢}(4)
into proposed § 792.90(I), § 792.228(e)(%)
into proposed § 792.90{g). and
§ 792.228(¢}(8} into proposed § 792.90(j).

b. EPA proposes to modify § 792.90{b)
to provide for the evaluation of a test
system’s health status, or the
appropriateness of the test system for
the study. according to acceptabls
“scientific practice.” This section, ss
proposed. will still require that newly
received animals must have their health
status evaluated according to
scceptable veterinary medical practices,
However, EPA recognizes that it may
nol be appropriata to evaluate the
health status of certain test sysiems
(e.5.. soil or water) or to require that &
plant microorgenism, soil. or water be
evsluated according to acceptable
veterinary medical practice to determine
their appropristeness for a study. EPA is
only concerned that test systems used in
& study are free of any diseass or
condition which may interfere with the
purpose or conduct of the study. and
thal the proper precsutions. ss stated In
§ 792.90(b). are taken to comply with
this requirement.

c. Additionally. EPA ia proposing to
modify § 792.90(b). to require "isolation”
rither than “quarantine” of newly
received animals. This proposal is
consistent with FDA's revision to its
C.LP regulations,

As previousiy slsted. the intent of
§ 792 90{b) ia lo prevent the entry of
unhealthy or inappropriate tes! systems
in1g the study, as required by
t 792.9%0Ic). Currently, § 792.90(b)
provides ihat this intent be achieved
through “quaranune.” However, the

term “quaranline” suggests a rgid set cf
procedures, including s mandatory
holding petiod. a specific list of
diagnosiic procedures. and the use of
specialized facilities and 1est system
care practices, which may be an
unnecessary burden to industry.

EPA agrees with FDA'» conclusion,
discussed in the preamble to its revised
GLP regulation (52 FR J377$; September
4. 1387}, that isolation and evaluation of
health status are sufficient precautions
sgainst contamination of test aystems
and. therefore, [ulfill the intent of this
section. FDA further states that such a
revision would provide laboratories the
flexibilily to develop isclation and
health status evaluation procedures best
suited for the age, species, class. and
type of the lest system, as well as the
type of study to be performed.

d. EPA proposes o conform to the
FDA GLP» by modifying § 792.90{c} to
require isolation of diseased lest
systems only when necessary.

Currently. § 792.90(c) requires that
animais which contract a disease or
condition shall be isclated in all cases.
This requirement would in turmn require
that separate {acililies be available for
the isolation of these animals. However,
as discussad in the proposal for
§ 792.43(c), both EPA and FDA believe
that laboratones should be given
Nexibility in their disposition of
diseased test systems. As FDA
discussed In the proposed revisions to
it GLP regulations (49 FR 43333:
Cctaber 29, 1984). the proposed
modification to § 792.90(c} will allow
laboratories the option of: (1) Leaving
the diseased test system in the
experiment provided that the Integrity of
the study will not be adversely affected
by this action: (2) disposing of Lhe test
system: or {J) isolating. treating. and
returning the test system to the study.

14. Section 792.108 Test. conirel, and
reference substance charocterization. a.
In revised 2t CFR 58.103(a}. FDA has
deleted the requirement that test and
control substanca characteristice shall
be determined and documented fot each
batch "before the iniliation of the
study.” This changs has not been
incorporated by EPA in its proposed
revision to § 792.108(a). However, EPA
proposes to modify § 792105(=) to
require that test. conirol, or reference
substance characterization be
determined and documented for esch
batch before its use 1n the experiment.
EPA feels that this proposed
requizement is necessary because it is
essential that characteristics of test,
control, and reference substances be
known prior lo their administralion or
usie in an expenment.
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EPA’s recent experience with
anumony Lnoxide bas shown that
extensive analytical work was
necessary pnor to test initiation. Certain
assumptione regarding the product’s
characteristics were used in the
protocols for antimony trioxide testing
which proved invalid. These lnvalid
assumptians necessitaied modilications
to the proposed study, resulling in the
delay and rescheduling of other
subsequent studies. If the analytical
work had preceded the toxucelogy
studies, the studies would not have
failed and modifications to the studies
woul d oot bave been oecessary. The
Agency's conclusion is that il is better to
delay study schedules than to imtiate
improper experimental procedurss
which will produce invalid results.

b. FDA has modified 21 CFR 58.105(b)
to provide for the determination of the
stability of the test.or control substaoca
either before the initiation of the study
or through periodic analysis of each
batch according 1o written standard
operating procedures. EPA bas chosen
not to adopt this approach in proposed
f 792.105(b} becauss the Agency does
not agree that stability can adequately
be demonstrated by periodic smalysis
without mitial evaluation.

Further, there are many studies
required by EPA whare sclubility of the
test, control and reference substance is
of criticai importance, such ss squatic
tonicity stwdies. Therefore, EPA is
proposing that solubility of the test,
control, aad reference substars be
determined before the exparimental
start date if knowledge of the solability
characteristica is reievant for the proper
conduct of the expanment.

It is EPA’s contention that both
stability and solubility of the test,
control, and reference substance need to
be determined belore the expenmanial
1tart date ia order to ensure proper
handling snd administration of the Lest
substance lo the test system. However,
since the determination of the sotubility
of the test, control. and relerence
substance is not s requiremant in FDA's
GLP regulations. EPA is tnlerested i
recaiving public commaent on this issue.

13. Section 782113 Mixtures of
substances with corriers. a. FDA has
modified 21 CFR 58.11%a}{2) to require
determination of the stability of the test
and control substance n a mixture. 23
required by the conditions of the study,
either before the Initintion of the vty
or through periodic analysis of each
baich. While EPA does not propose 1o
modify § 792113 )(2) %o provide the
option of determiming the stability of the

mixture vither before stady inmretion or
through periodic snalysis (ses
discussion for § 792.105(b)), EPA will

modify this section to require stability
testing only to the extent required by the
conditions of the expenment. As
proposed for § 792.105(b), EPA Iy also
proposing to require that. when
sppropriate to the conduct of the
experiment. solubility of the test,
control. or reference substance in the
mixture must be determined in the same
manner (see discussion for § 792.105(b)).
Additionally, as proposed for § 792.108
(a) and (b), EPA is proposing to replace
the phrase “before the witiation of the
study” wilh the phrase “before the
experimental start date” (see discussion
for § 792.105(a}).

The phrase “as required by the
conditions of the experiment™ has been
added in order to clanfy that
determination of stability and. if
appropriate, solubility of a test. control,
or reference substancs in & mixtore is
only necessary to support ils actusl time
of use |a the experiment. Thereflore, it ia
not necessary to provide data which
illustrate long-term stability of a mixture
when the actual time that the mixture is
used is short-term. For exampla, a test.
control, or reference substance in &
mixtare that will be ysed the same day
it is preparsd will only require data
sufficient to show stability and, if
appropriate, solability for 1 day.

b. Additionally, EPA proposes to
tncorporate o § 792.113(a)(2). the
provision currently foand in
§ 792.228(1)(2). which states that the
determination of the stability or
solubility of the test, control, or
relerence substancs in the mixture must
be done under the environmental
conditions specified in the protocol.

. EPA propowes o add pew
paragreph (c] to § 792113 which
incorporates the provisions of
§ 792 Z28(f)9).

18. Section 792.120 Protocol. a.In 1
CFR 58.120(a), FDA has replaced the
qualifying phrese “but shall oot
necessarily be limited to" with the
phrase “as applicable.” EPA proposes to
sdopt FDA's approach with some
modifications. It is proposed that the
phrase “Where applicable™ appear
before the information specified in
§ 792.120{a}{#}. and continua tc appear
before the information required by
§ 792.120{a}{8). The phruse “but shall not
necessarily be limited 10” would remain
m this section.

In FDA’q diwcoasion of this proposal
(49 FR 4353%; Oclober 29, 1984), concerns
were expressed thal same of the
information required 1o appear in ths
protoceld is rot sppficable to alf rypes of
testny. Specifically, FDA points to the
tnformation required by 21 CFR 54.120(a)
{9) and (11}. In 21 CFR 58.120 puragraph
(a](9) requrres a description of the diet
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used in 8 study as well as sclvents.

emuisifiers, and/or other matenals used
10 sclubilize or suspend :he test or
contrel substance before mixing with
the carrier. FDA points out that thus
requuement is not applicable
radistion-emitting products. Sectioa
58.120(a)(11) specifies that the protocol
shall specily dosage level, and this
requirement s 0ot applicable to
Impiantiable medical devices.

Clearly. the basis for FDA's change u
to sccommodate concerns that are
specific to the types of testing required
by FDA and do not necessarily apply to
testing required by EPA. Further, EPA is
toncerned that placing the phrase “ss
applicabls™ tm § 792.120(a) sugpests that
there may ba cases where it is not
applicable for any of the other
information required by § 72.120s) 10
appear in the protocol. Therefore, the
phrase “as applicable” should only
appear belfore those items which are nol
necessarily appropriate to appesr in the
protocol for certain types of testing.

For example. there may be testing
required by EPA where it may oot be
appropriate to require a protocal 10
contain the information specified in
§ 702120(a)(9). such as describing and/
or identifying the diet of & buman
subject invoived in exposure testing.
Therefors, EPA proposes o add the
phrase “Where applicable” before Lhe
lnformation specified in proposed
§ T92120{a)(9).

b Ia 21 CFR sa.120{(a){4L FDA has
deleted the requirement that the
protocol coptain “The proposed starung
and completion daten.™ EPA is proposmyg
to retain this requirement in
§ 792.1204a){4}. bot ks propomug o
modify this paragraph o regaire, "The
praposed expenmental start and
‘errumnation dates.”

EPA believes that this information is
necessary for the evaluation of a
protocol and the Agency’s scheduling of
additional reluted studies end andit
reviews. Section 792120(a)[£) is related
to the selected study method,
laborstory, and speciakist eveilability,
end other Agency end mdustry
priorities. Often a group of expenments
are carried out in saquence. so that both
start and termination dates affuct
subseqaent study expectalions and
timetabies. Projected experimental slast
and termination dates [dentily e
normal duration for & given experiment
type and reflect any epecial
considerstons that may be unique lo &
laborstory, anticipated analytical or
methodology work, and evailsbie
resgurces, snd it may also allect
pending rsgulatory umetables.

- ﬁl
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Given ihat there are hundreds of
s'ud:ies That EPA must track. these
c«;mated schedules. combined with
thase from other studies. sllow the
Agency to mote efficiently scheduls
audits and regulatory action. Further
considerations are the following: (1) The
avuilability of composite schedules for
many studies may be necessary to sel
reelistic regulatory action goals: (2)
composite study schedules are
evaluated to achedule sudits while
seversl studies are ongoing or recently
completed. and which may ail be at a
given laboratory or geographic location.
This directly reduces EPA resources
necessary for audit and regulstory
rcview functions; and (3) standard
business management by objectives
requires intermediate calendar goals
v.hen scheduling multiple outputs. or a
long-term single product. The master on-
s:le laboratory scheduls will incorporate
these dates to carry out the study.

* tn 21 CFR 58.120(a)(5). FDA has
de  ~d the requirement that the

Br " ~ontain a justification for the
s { the test aystem. EPA has
‘ =tain this requirement in
i ., =%2,120{a)(5).
Ens ental studies. including both

ecclogicd. effacts and chemical fate, are
mare diverse than health effects lesting.
Further, details relevant to the test
system design are more chemically
dependent in the case of environmental
effects and chemical fate testing than in
the case of health effects testing. Many
of the lest systems in environmental
studies must be modifled in sccordance
wilh speciflc chemical characteristics.
Therefore, EPA must allow s much
broader range of flexibility in the nature
of tests and selection of test systems. In
order to fully understand the test and its
fesulls, EPA needs to have a discussion
of the reasons for selection of the test
system. In addition, EPA recognizes that
indusiry may be engaged in state-of-the-
art environunantsl testing. Under
proposed § 792.120(a)(S), EPA can keep
sbreast of industry advances in sch
testing and ensure that their use of 1est
systems is appropriate. EPA is
interested in receiving public commaent
on whether to limit the requirement that
the protocol contain s justification of the
leat system 1o environmental testing.

d. FDA has deleted from 21 CFR
38.120{a X(10) the requirement thal the
protocol include the routs of
administration and the reason for its
choice. EPA has chosen to retain this
requiremant in proposed
§ 792, *0(a}{10).

The chemicals regulated by FDA will
usually have a predefined route of
exposure. Therefors, il makes senee for
FDA 10 eliminate the requiremaent 1o

stipulate the route of administration and
the reason for 1ts choice within the
protocol. Unl:ke FDA, EPA !s conccrned
with presence in or exposure lo various
media (1.0.. air, water, soil, sediment,
chemicals, eic.) and may not know in
advance the routes of exposure for the
chemicals it regulates. Moal chemicals
and products regulated by EPA do not
have set routes of expasure and may
even have multiple routes of exposure.
Therelore. EPA must consider a wide
range of possible exposure routes in its
regulatory decisions. Further. the route
of administration is essential to
determine the effectiveness of « teat
system for the purposes of a specific
toxicology study. The route of
admynistration affects the real dosage
rates. and therefore, affects whether the
impact of the exposure of the test
substance is acute or chronic.

Therefare. EPA believes that, for its
purposes. it is essential that the protocol
contain the route of sdministration and
the reason for its choice. This
requirement will therefore remain in the
EPA’s TSCA GLP standards in
§ 792.120(a)(10).

¢. EPA proposes to delete current
§ 782.120{a)(12) Ln ity entirety. Currently,
§ 792.120{a}){12} requires that the
protocol contain the method by which
the degree of absorptien of the test and
cantrol Suosiance by the lest system will
be determined. EPA agrees with FDA's
conclusion that this requirement is nol
necessary in the protocol

f. In proposed § 792.120(a)(14),
redesignated from current paragraph
(8){15). EPA proposes to conform with
FDA’s revised GLP regulations and
require that the study director's
signature be daled on the protocol.

EPA 13 proposing in § 792.3 that the
study initiation date be delined s» the
date the protocol is signed by the study
director. It is through the proposed
requirement of § 732.120(a)[14), that the
Agency will be able 10 identify the
official study initistion date.

17. Section 792.130 Condyct of a study.
a. FDA has modilied 21 CFR 38.130(d) to
provide that records of gross findings for
# specimen [rom postmortem
observations “should” be made
available ta the-pathologist when
examining that specimen’s
histopathology. EPA has choaen to
retain the requirement that these records
“shall.” in all cases, be provided to »
pathologist during study of the
pecimen.

EPA agrees with FDA"s conclusion
that for most studies it is important for
the pathologist to have the records of
gross findings available when exarmining
a specimen histopathologically.
However. 1t 1s FDA's contention that
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replaciag the word “shall” with the
word “shouid” will allow the
histopathological evaluation of
specimens in a "blind™ fashion. EPA
also recognizes that it may be
appropriata for some studies lo provide
for “blinding” in histopathological
evalualion. However, EPA maintains
that, when specified by the protocol, the
pathologist can accomplish “blinding,"
without violating § 792.130 by not
looking at the records which have been
provided. Therefore, it will remain
EPA’s requirement that the pathologist
must have access to the records of gross
findings when examining s specimen
histopathologically.

b. In conformance with the revised
FDA CLP regulations, in § 792.130(e).
EPA proposes to replace the lerms
“compuler” and “computer driven" with
the term "automated data collection.”
EPA agrees with FDA that the terms
“computer” or “computer driven” do not
adequately reflect the data cotlection
and storage technologies currontly used
by testing facilities. The Agency
believes that the proposad tertn
“automated data collection™ provides a
more appropriate description of the data
collection and storage sysiems available
for industry use.

10. Scction 732.135 Physicol and
chemical chon:cterization studies. EPA
proposes to add § 792.138 in order 10
specify the provisions of the proposed
TSCA GLP standards which will not
apply to studies designed 1o determine
the physicsi and chemical
characteristics of u lest, control. or
reference substance. Most studies
designed 10 determine the physical or
chemical characteristica of a test,
control. or reference substance rerely
involve any modifications to the
protocol or experimental design and are
usually condurted in an assembly line
fashion. There‘ore. proposed
§ 792.135(a) re!axes the requitements of
the CLP standards withoul
compromising the quality or integrity of
data generated from these studies.

However, in § 792.135(b), EPA is also
proposung that the exemptions lisied in
proposed § 792.135(a} will not apply to
studies designed to determine solubility,
oclanol water partition coefficient,
volatility, and persisienca of u test,
conirol, or referenca substance. These
types of phymical and chemical
charactenzation studies are more
complex in design, execution. and
interpretation, and EPA does not believe
that it can be assured of the quality and
integrity of data generated from these
studies without complete GLP
compliance.
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19 Secc:ion 792.185 Reporting of study
results Tn § 792 195(a)(5), EPA 13
proposing to require that the final report
include i.iormation reiating to the
solubility, \n addition ta stubility, cf the
1est, conlrol, or reference substance, :f
solubility information was importan: to
the cunduct of the expeniment. This
change 1s consistent with the proposed
modificalions 1o §§ 782.105(b) and
792.113{a)(2) (see the preamble
d:scussion of proposed {4 792.105(b)
and 792.113{a){(2}).

20. Section 792.190 Storage and
retrieval of records ond data. a. In
1 792.190(a), EPA proposes to conform to
the revised FDA GLP regulations by
modifying this section to state that
specimens obtsined from mutagenicity
tesls and specimens of blood, urine,
feces. and biclogical fluids generated as
a result of & study need not be retained.
EPA is also propusing that § 792.190{a)
state that specimens of scil. water, and
plants obtained from environmental
testing need not be retained. EPA agrees
with FDA's conclusion thal retention of
these specimens beyond initial
evaluation is burdensome and does not
have a significant impact on the quality
of & study.

b. As in the revised FDA GLPs. EPA
proposes to revise § 792.190(e) by
deleting the requirement that study
materials which are tetained in archives
must be indexed specifically by test
substance, date of study, test system,
and nature of study. EPA agrees with
FDA that the intent of this section is to
require indexing of materials in such a
wiy 88 lo permiil expedient retrieval
from archives. EPA does not believe it is
necessary to stipulate the specific
indexing terms which must be used.

21. Section 792.195 Retention of
records. s. EPA proposes lo delete
paragraphas (b){2} and (3) of § 792.185.
redesignate paragraph (b)(1) as (b), and
amend paragraph (b) to require &
retention period for documentation
records, raw dats. and specimens of 8
years from the date the results of any
study are submitted 1o the Agency.

Currently, § 792.195(b] requires 2
retantion period for records, raw data,
and specimens under paragraph (bj(1) of
10 years following the effective date of
the appiicable final test rule and. under
paragraph (b)(2] of 10 years following
the publication date o’ﬂu acceptance of
& negotiated test agreement. This
seclion alsa recommends a retention
period [or such materials of $ years
following the date studies are submirted
to the Agency under TSCA section §.

As stated in the preamble 19 the 138)
TSCA GLP regulation {48 FR 53035;
November 28. 1083), EPA believes that it
is essential that study records. raw dala.

and specimens be maintained to provide
the Agency with a sufficient penod of
time to review the study results and
implement any appropriate regulatory
actions. Further, il is essential that
records. raw data. and speciniens be
avalable to suppport Agency decisions
in case ol court challenges to thoss
decisions. However, the Agency 1ees no
reason to vary record retention
requirements and has concluded thata
record retention period of 5 years from
the date the study is submitted to EPA is
< sufficient period of time to meet the
Agency concerns and goals. Finally, the
record tetention period proposed in

§ 792.195(b) is preferable to the
timeframes currently required becausa it
is consistent with tha requirements
currenily set forth in the FIFRA GLPs. in
40 CFR 180.195(b)(2), and the FDA Good
Labotatory Practice regulations in 21
CFR 38.195(b).

b. In § 792.185, EPA proposes to delets
the examples provided in the first
sentence of paragraph (c). EPA has
proposed this change in conformity with
FDA's recent revision because EPA
agrees with FDA that these exampleas do
not clanfy which materisls must be
retained from a study and. tharefore. are
naot necessary in this section.

c. EPA is slso proposing to modify
§ 792.193(c) to state that specimens
obtained [rom mutagenicity tests,
1pecimens of soil. water, and plants, and
we! specimens of blood. urine. feces.
biological fluids, do not naed to ba
retained beyond quality assurance
review. This change has been adopted
in order to be consistent with the change
discuseed in proposed § 792.190(a).

d. In new § 792.188(i). EPA proposes
10 allow records and other “raw data™
required by these regulations to be
retained sither as original records or as
true copies. such as photocopies,
microfiche, or other accurste
reproductions of the original records.
This provision would be incorporatad in
the TSCA CLP1 in § 792.195(i} in order
to be consistent with the changes to
FDA’s Good Laboratory Practice
reguiations.

1l. Economic Analysis

The proposal 1o expand coverage of
the TSCA GLP standards to testing
conducted in the field is not expected to
increase testing costs vignificantly.
Further. the revisions to the TSCA GLP
standards which reflect the FDA GLP
revisions primarily provide relief from
tha original GLP standards (ICF 1947).
Therefore, these amendments 1o the
TSCA GLPe are not expected to have s
signuficant economic impact on testing
under TSCA.
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11L. Other Regulatory Requirements
A. Executive Order 12291

Under Executive Order 12291, EPA s
required to judge whethera rule is &
“major” one and ia therefore subject 1o
the requiremert of a Regulatery Impact
Anulysis. The proposed amendments of
the TSCA Good Laboralory Practice
Standsrds would not be & major rule
Lecause they do not meet any of the
criteria aat forth and defined in section
1(b) cf the Order.

B. Regulatory Flexibility Act

The proposed amendments ta the
TSCA CLP standards are not expected
1o have & significant impact on a
substantial number of small businesses
since little or no economic impact is
expected from the revision oversil.

C. Paperwork Reduction Act

The Offics of Management and Budget
(OMB) has approved the information
collection requirements contained in this
proposed rule under the provisions of
the Paparwork Reduction Act of 1980, 44
U.S.C. 3501 #f s¢9. and has assigned
OMB control number 2070-0033.
Commants on these requirements should
be submitted 10 the Office of
Information and Regulatory Affairs of
OMB. marked "Attention: Desk Officer
for EPA." The fina!l rule will respond to
any OMB or public comments on the
information collection requirements.

List of Subjects in 40 CFR Part ™12

Good laboratory practices,
Laboratories, Environmental protection,
Hazardous materials, Chemicals,
Recordkesping and reporting
requirements.

Dated: Decambar 0. 1987,

Lae M. Thosnas,
Administrator.

Therefore. il is proposed that 40 CFR

Part 792 be amended as follows:

PART 792—{AMENDED|

1. The authority citation for Pert 792 is
revised to read as follows:

Aulbority: 13 U.S.C. 2003,

2 In § 7921, by revising paragraphs
(a) and (c) to read as follows:

§ 7921 Scope.

(a) Thin part prescribes good
laboratory practices for conducting
studies relnting to health effects,
environmental effects, and chemucal fate
lesting. This part ls intended to ensure
the quality and integrity of data
submitted pursuant 1o testing consent
agreements and test rules issued under
sectlon 4 of the Toxic Substances
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Coniral Act (TSCA) (Pub. L. $4—68. 90
Stat 2008, 15 U.S.C. 2603 et seq.).

[c) it is the Agency's policy thst ull
data develored under section $ of TSCA
be in a-c~- " wnce with provisions of this

pant ' are not developed in
acel with the provisions of this
part * - ency will consider such data

ingufficie .: 10 evaluate the health and
environmental effects of the chemical
substances unless the submiltter
provides additional information
demonstrating that the data are reliable
and adequats.

3. [n § 7920, by removing the
alphabetical paragrapk designations in
paragraphs (a) through {q): by revising
the definitions for “Control substance™.
“Sludy.” and “Test syatem™; by
replacing the term *“Test substance ot
mixiure” with “Test substance”; by
amending the definition for “Sponsor”
by -~vising paragraph (2] thersunder;
an. 2y sdding and alphabetically

in- - - 4+finitjons for “Carrier”,

“F ‘Aal start date™,

~f 1s! termination date”,

“F substance”, “Study

com; Jate”, “Study initiation
date™, anc "Vehicle”, to read as follows:
[ Ra %]

“Carrier” means any malerial {e.g.
feed, watar. soil. nutrient media) with
which the test substance is combined for
administration to test organiams.

“Cort=~' substance™ means any
cher .. - - .bstance or mixture or any
other v . -al other than & lest
substance. feed, or water that Is
admunistered to the test system In the
coursa of study for the purpose of
establishing a basis for comparison with
the test substance for no effect levels.

“Experimental start date™ mesns the
first date the test substancs is applied to
the test system.

. “Experimental termination date™
means the last date on which data are
collected directly from the study.

“Rafarence substance” means any
chemical substance or mixture or
material other than & test substance,
{eed. or water that is sdministered 10 or
used in analyzing the test aystam in the
course of & study for purposes of
establishing s basis for comparison with
the lest substancs for known effect

levels.
“Sposasor ' means:

(2) A parson who submits & study to
the EP \ ia response t0 & TSCA sechon

(2} test rule and/oc & person who
submits & study under & TSCA section 4
trsting consent agreement or a TSCA
section 5 rule or order to the extent the
agreement. rule or order referances this
part or

“Study” means any experiment in
which & test substance is studied In o
test system under laboratory conditions
or in the environment to determine or
help predict its effects. metaboliam.
envuonmental and chemical fate,
persistente. or other characteristics in
humans, other living organisms, or
media. The term does not include basic
explorslory studies carried out to
determine whether g test aubstance has
any potential utility.

"Study completion date” means the
date the final report is signed by the
study director.

“Study (nitiation date” means tha date
the protocol Is signed by the study
director.

"Test substance™ means a substance
or mixiure adminisiered or added to &
test system in a study, which substance
or mixture is used 1o develop data to
meet the requirements of s TSCA
section 4(a) test rule and/or s
developed under a TSCA section 4
lesting consent agresment or section 3
rule or order to the extent the
agresment, rule or order references this
part

“Test aystem™ means any animal,
plaat, microorganism, chemical or
physical matrix (e.g.. soil or water), or
subparts thersof, to which thae test,
control. or reference substance is
administered or added for study. "Test
sysiem” also includes appropriate
groups or components of the system not
trested with the test. control. or
reference substancs.

“Vehicle” means any agent which
[scilitates the mixture, dispersion, or
solubilization of a test substance with s
carrier.

4. In § 79212, by revising the
introductory taxt lo read as follows:

§ 79212 Stetiement of camipiance or nen-
compilance.

Any person who submits to EPA 1 test
tequired by & testing conssnt sgreemant
ot » test rule issued under section 4 of
TSCA shail include in the submission a
true and correct statement, signed by
the sponsor and the study director. of
one of the following types:
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5. 1n § 792.17, by revising the
introductory text of paragraph (a) and
paragraph (c} to read as follows:

§ 792.17 Effects of non-compilance,

(a) The sponsor or any othar person
who is conducting or has conducted a
test to fulfill the requirements of a
testing consent sgresment or a test rule
issued under section 4 of TSCA will be
in violation of section 15 of TSCA if:

(c) If datn submitted 1o fulfill a
requirement of a testing consent
sgreement or a test rule issued under
section 4 of TSCA are not devaloped in
accordance with this part, EPA may
determine that the sponsor has not
fulfilled its obligations under section 4
of TSCA and may require the sponsor to
develop data in accordancs with the
requirsments of this part In order to
satisfy such obligations.

6. 1n § 79220, by revising paragraphs
(d). (e), and () 1o read as follows:

(R ¥,

(d) Personnel shall take necessary
personal sanitation and heaith
precautions designed to avoid
contamination of test, control. and
reference substances and test systems.

(e) Personnal sngaged in & study shail
waear clothing sppropriate for the duties
they perform. Such clothing shall be
changed as often as necessary to
prevent micobiological. radiological, or
chemical contamination of test systems
and test, control. and reference
substances.

() Any individual found at any time 10
have an ilness that may adversely
afTect the quality and Inlegrity of the
study shall be axcluded from direct
contact with test systems. test. coatrol.
and reference substancas and any other
operalion ot function that may
advervely affect the study until the
condition is corracted. All personnel
shall be instructed to report to their
immediate supervisors any health or
medical conditions thet may reasonably
be considered 10 have an adverse offect
on a study.

7. 1o § 792.31. by revising paragraph
(b) to read as follows:

§ 79231 Testing faciiity management.

(b) Replace the study directer
promptly if it becomes necessary to d»
#0 during the conduct of a study.

& In § 79233, by revising paragraphs

(s} and (b) (1} and (3) and removing
paragraph (¢) to read as follows:
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{ 792.35 GQuailty assurance unit

{a) A testing facility shall have a
qudlity assurance unut which shail be
treaponsible for monitoring each study to
assure management that the facilities,
equipment, personnel. methada,
praclices. records. and controls are in
conformance with the regulations in this
part. For any given study, the quality
assurance unit shall be entirely separate
from and independent of the personnel
engaged in the direction and conduct of
that study.

[b} LI

{1) Maintain a copy of s maatet
schedule sheet of all studies conducted
at the testing lacility indexed by test
substance and conlaining the lest
system. nature of study. dste study was
mitiated, current status of erach study,
identitly of the sponsor. and name of the
atudy director.

(3) Inspect each study at intervuls
adequate 1o ensure the integrity of the
study and maintain written and properly
aigned records of each periodic
inapection showing the date of the
inspection, the study inspected. the
phase or gegment of the study inspected,
the person performing the inspection.
findings and problems, action
recommended and taken to resolve
existing problems. end any scheduled
data for re-inspection. Any problems
which are likely 10 alfact study integnty
found during the course of an inspection
shall be brought to the attention of the
study director and management
immediately.

9. By revising § 792.41 to tead o8
follows:

§792.41 General

Each testing lacility shall be of
suttable size and construction to
facilitate the proper conduct of studies.
Testing facilities which are not located
within an indoor controlled environment
shall be of suitable location to lacilitale
the proper conduct of studies. Testing
facilities shail be designed so that there
13 2 degree of separation that will
prevent any function or aclivily from
having an sdverse effect on the siudy.

10. By revising § 79243 to read as
fallows:

§ 792.43  Test system care faciiities.

fa) A testing lacility shall have a
sufficient number of animal rooms or
olher fest system areas, s3 needed. to
ensure: proper separslion of species or
123t systems. isolalion of individual
projects, quarantine or isolation of
animals ot other test systema, and
rouline or specislized housing of
smmals or other test systems,

{1) In tests with plants or aquatic
anmimals, proper separauon ol species
can be sccomplished within a room or
ares by housing them separately in
differant chambera or squaria.
Separation of species is unnecessary
where the prolocoi specifies the
simultaneous exposure of two or more
species in the same chamber. aquarium,
or housing unit.

{2) Aquatic toxicity tests for
individual projects shall be isolated to
the extent necessary !0 prevent croas-
conlamination of different chemicals
used in different \ests.

{b) A testing facility shall have &
number of animal rooms or other test
system areas separate {rom those
descnbed in paragraph (a) of this
section to ensure isolation of studies
being done with test systems of test,
control, and reference substances
known to be bichazardous. including
volatile substances, serosols.
radioactive materials. and infectious
agents.

(c) Separate areas shall be provided.
as appropriate, for the diagnosis,
treatment, and control of laboratory test
system diseasss. Thess areas shall
provide effective isolation for the
housing of test systems either known or
suspected of being diseased, or of being
carriers of diseasa, from othar test
sysiems.

{d) Facilitiss shall have proper
provisions for collection and disposal of
contaminated water, soil, or other spent
materials. When animale are housed,
fucilities shall exisl for the collection
und disposal of all animal wasts and
refusa or for sale sanitary storage of
waste befors removal [rom the lesting
lacility. Disposal [acilities shall be o
provided and operated as to minimize
vermin infestation, odors. disease
hazards. and environmental
conlamination.

(e) Facilitiss shail have provisions to
regulate environmental canditions (e.g..
temperature, humidity. photoperiod) as
specified in the protocol.

(f) For murine test organisms, an
adequste supply of clean ses water ar
artficial sea water (prepared from
dewnized or distlled water and sea ralt
muxture) shail be available. The ranges
uf composition shall be as specified in
the protocal.

ig) For freshwaler organisms. an
adequate suppily of clean waler of the
approptiate hardness, pH, and
temperature, and {ree of conlamindnts
capable of interfering with the study
shail be available as specified in the
protocol.

{hj For plants, an adequats aupply of
301l of the appropriaie compontion, as
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specified in the protocol. shall be
available ay needed.

11. By cevising | 79245 to read as
follows:

§ 79045 Test system supply fxcilities,

(¢} There shall be storage areas. as
needed. for feed. nutnents. soila.
bedding. supplies, and equipment.
Storage areas for leed. nutnents. soils,
and bedding shall be separated lrom
areas housming the test systems and shall
be protected againat infestation or
contamination Perishable supplies shall
be preserved by appropriate means.

(b} When appropriate. plant supply
facilities shal] be provided. These
include:

{1) Facilities. as specified in the
protocol. for holding, cultunng, and
maintaining algae and squatic plants.

{2} Facilities. a3 speaified in the
protocol, for plant growth {e.g.,
greenhouses, growth chambers. light
banks).

(¢] When appropriate. [acilities for
aquatic animal lests shall be provided.
These include aquaria, holding tanks.
ponds, and ancillary equipmenL as
specified in the protocol.

12. By revising § 79247 to read a8
follows:

§ 792.47 Feclities for hand'ing test,
control, and reference sbetances.

(a) As necessary to pravent
contamination ar mixups, there shall be
separate areas for

(1) Receipt and storage of the test,
control, and reference substlances.

(2) Mixing of the test, control. and
reference substances wilh a carrier, e.g..
feed.

(3) Storage of the test control. and
reflerence substance mixtures.

(k) Storage areas for test, control.
and/or relerence substance and for test,
control, and/or reference mixtures shall
be separate from areas housing the test
systems and shall be sdequate o
preserve the identity, strength. purily,
and stability of the substances and
muxlures.

13. By revising § 79248 to read as
follows:

§ 792.4% Laborsiory operation sreas.

Separste laboratory space and other
space shall be provided. a3 needed, for
the performance of the routine and
specialized procedures required by
studies.

§792.5) {Removed]|
14. By removing § 792.53
Administrative ond personnel facilities.

15. By revising § 792.61 to resd as
lollows:
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§ 792,51 Equipment design

Fyuipmenl used .n the generstian,
measurement. or assessment of data and
rquipment used for facility
snvironmental cantrol shail be of
uppropriate design and adequate
rapacity to function according to
prutacol and shall be suitably located
for operation, inspection, cleaning. snd
meintenance.

16. In § 792.83. by revising paragraph
(L] to read as [ollows:

§ 792.83 Maintenance and calibration of
squipment
{b) The written standurd operating
procedures required under
§ 792.81(b)(11) shall set forth in
sufficienlt detail the methods. materiuls,
and schedules ta be used in the routine
inspection, cleaning. mainienance,
1est ng, calibration, snd/or
s' - -ardization of equipment. and shull
] when appropriate. remedial
o be taken in the event of failure
inction of equipmaent. The
standard operating procedures
signate the person responsible
lor the performance of each operation.

17. In § 79281, by revising prrugraphs
1) (1). (35. .30 .S). (8). (7). and {(12) and
(c) to rexd as follows:

. 1 Standerd operating procedures.

{hl *a e

{1) Test system room preparsation.

(2) Test system care.

{3) Receipt. identification. storage,
handling mixing. and method of
sampling of the test. control, and
rcfurence substances.

(3) Laboralary or other tests,

(8) Handling of test systems found
monbund or dead during study.

(7) Nacropsy of tes! systems or
postmoriemn examination of lest
systems.

(12) Trunsfer. pruper plucement, and
wenufication of 1est aystems.

(c) Each laborstory or other study
area shall have immediately uvailable
manuals and standard operating
procedures relative 1o the luboratory or
field procedures being performed.
Published literature muy be used as s
supplement 1o standard operating
proceduces.

18 By revising § 792.90 to read as
lollows

§792.90 Animal and other test system
care.

(4} There shall be standurd operuting
procedures [or the housing, feeding,
hundling. «nd cure of amsmals and other
test systems,

ib} All newly received test sysiems
from outside sources shall be isolated
and their heaith atatus or

approprinteness for the study evaluated.

This evaluation shall be in sccordance
with acceplable veterinary medical
practice or scientific practice.

() Al the initiation of » study, test
systems shall be free of any diseass or
condition that might interfere with the
purpose or conduct of the study. If
during the course of the study. the test
sysiems contract such a disease or
condition, the diseased test sysiems
should be isolated. if necessary. These
lest systems may be treated for diseass
or s:.gns of disesse provided that such
Ireatment does not interfere with tha
study. The diagnosis, authorization of
treatment, description of treutment. snd
cach date of treatment shall be
documented and shail be retained.

(d) Warm-blooded animals, adult
eptiles. and adult terrestrial
amphibians used in laboratory
procedures that require manipulalions
and cbservations over an extended
~ar-daf t:me - 0 studiey that require
these Lest systems 10 be removed from
and returned to their test system.
housing units for any resson (e.3.. cage
cleaning. treatment, etc.), shall receive
sppropriate identiflcation (e.g.. lattoa.
toe chp. color code, ear tag. ear punch,
etc ). All information needed to
specifically identify esch test system
within the test system-housing unit shail
appear on the outside of that unit.
Suckling mammals and juvenile birds
are excluded from the requirement of
individua!l 1dentification unless
otherwise specified in the protocul,

(¢) Except an specified in paragraph
{eli1) of this section, lest systems of
diflerent species shall be housed in
scparate rooms when necessary. Test
systems of the sams species, but used in
dilferent studies, should not ordinarily
Le housed in the same room when
inedvertenl exposure to test. control. or
reference substances or test system
rivup could affect the outcome of either
<. tv If such mixed housing is
re -iiary, adequate differentiation by
s; « » and identification shall be made.

Manis. inveriebrate animais,
4, .1 ¢ vertebrate animals. and
t.ryanisme that may be used in
mu.l species 1ests need not be housed in
separe’e rooms, provided that they are
adequately segregated to avoid mixup
and cross contamination,

i1 |[Reserved|
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(P Cages. rachs. pens. enclosures.
aquaria. holding tanks. ponds. growth
chambers. and other holding. teaning
und breeding areas, and accessory
equipment. shall be cleaned and
sanihized at sppropriate intervals.

{g] Feed. s01l. and water used for the
lest systems shail be analyzed
periodically to ensure thut contaminants
known to be capable of inlerfering with
the study and reascnubly expected to be
present in such feed. soil. or water are
not present at levels above those
specified in the protocol, Documentution
of such analyses shall be maintained as
raw data.

(h} Bedding used in animaul cages or
pens shall nat interfere with the purpose
or conduct of the study and shall be
changed as often as necessary to keep
the animals dry and clean.

{i] If any pest control materisls are
used, the use shall be documented.
Clesning and pest control materials that
interfere with the siudy shall not be
used.

(i) Alt plant and animal test orgunisms
shall be acclimatized. prior to their use
in an experiment. to the environmental
conditions of the test.

Subpart F=Test, Control, and
Aeference Substances

19. By revising the heading for Subpart
F to read as sat [orth sbove.

20. By revising § 792105 to read as
fullows:

§ 792.103 Tesut, control end reference
substance characterization,

(a) The identity, strength, purity, and
composition. or other characteristics
which will appropriately define the test,
control. or reference subsiance shall be
determined lor each batch and shail be
documented before its use in an
cexpenment. Methods of synthesias,
fabrication, or derivation of the test.
control, or reference substance shall be
documented by the sponsor or the
testing facility.

(b) The stability and. when relevant to
the canduct of the experiment. the
sulubility of each test. control. or
refcrence substance shall be determined
by the testing facility or by the sponsor
before the experimental start dale.
Where penodic analysis of each balch is
tequired by the protacol, there shall be
written stendard operusting procedures
that shall be followed.

{c} Each storage container for s lest.
control. or reference substance shall be
labeled by name. chemical absiracts
service number (CAS) or code number,
batch number, expiration date. if any,
and, where approptiate. storage
condilions necesaary :0 mauntain the
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dentity, sirength. pupty. and
cumposition of the test. control, or
reference substance. Storuge containers
shall be aasigned to & parucular test
substance fur the durution of the study.

(d] For studies of mare than 4 weeks'
duration. reserve sumples [rom each
batch of test. control, and reference
substances shall be retained for the
period of time provided by § 792.198.

{e) The stability of test. control. and
reference substances under test
conditions shall be known for all
studies.

21. ln § 792107, by revising the section
heading and introductory text to read aa
follows:

§ 792107  Teut, control, and reference
subetence handiing.

Procedures shall be established for a
system [or the handling of the test,
control. and relerence substances te
ensure that:

L] L] - . »

22 By revising § 792.113 to read as
follows:

§ 92113
carriens.

{a) For each lesL, control, or reference
substance that is mixed with & carrier,
tests by appropriafe analytical methods
shall be conducted:

(1) To determine the uniformty of the
mixture and to determine, penodicaily.
the concentration of the test. control, or
teference subsiance in the mixture.

(2) To determine the stability and,
when reievant 1o the conduct of the
experiment. the solutnlity of the test.
control, or relerence substance in the
mixture, before the expenmental start
date. Determination of the stabilily and
solubility of the test. control. or
reference substance in the mixture shall
be done under the environmental
canditions specified 1n the protocol and
as requited by the conditions of the
experiment. Where pericdic analysis of
the mixture is required by the protocol.
there shall be writien standard
opersting procedures that shall be
followed.

(b} Where any of the components of
the test. control, or reference substance
cartier mixture has an expiration date,
that date shall be clearly shown on the
contaner. [f more than one component
hee an expirstion date, the earl:est date
shall be shown.

{c) If & vehicle 18 used to [acilitate the
mixing of & test substance wilh a camier,
sssurance shall be provided that the
vehicle does not interfere with the
integrity of the test.

23. In § 782.120. by revising paragraph
(a} to read as fuilows:

Mixturet of substances with

§792.120 Protocol

{a] Each study shell have an approved
wniten protocol that clearly indicates
the nbjectives and all methods for the
corduct of the atudy. The protocol shall
contain but shall not necessarily be
limited 10 the {ollowing information:

{1} A descnptive title and statement of
the purpose of the study.

{2y Identification of the test. control,
and reference substance by name.
chemical absiracts service (CAS)
number or code number.

{3) The name and address of the
sponscr and the name and address of
the 1esting facility at which the study is
being conducted.

(4) The proposed experimental start
and terminatuon dates.

(5] Justification for selection of the
test system.

(6} Where applicable, the numbee,
body weight, sex, source of supply.
species. strain. substrain and sge of the
tes! system.

{7) The procedure for identification of
the test aysiem.

(8) A description of the experimental
des:gn. including methods (or the control
of bian.

(9] Where applicabie. a description
and/or identfication of the diel used in
the study as weil as solvents.
emulaifiers and/ot other materials used
1o solubilize or suspend the test. cantrol,
or reference substances before mixing
with the carner. The description shall
include specifications for acceptable
levels of contaminanis thai are
ressonably expected to be present in the
dietary materials and are known 1o be
capable of interfening with the purpase
or conduct of the study il present at
levels greater than established by the
specifications.

(10) The route of administration and
the reason for ie choice.

(11) Each dosage level, expressed in
milligrams per kilogram of body or 1est
system weight or other appropnate
units. of the test, control. or reference
substance o be administered and the
method of frequency of administranon.

(12) The type and frequency of test
unalyses, and measurements to be
made.

{13) The records to be maintained.

(14) The date of approval of the
protecol by the sponsor and the duted
signature of the study director.

{15) A siatement of the proposed
statistical method.

24 In § 792.130. by revising
paragrapha (d) and (e) to read as
follows:

§792.130 Conduct of o study.
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(d) In animal studies where
histopathelogy 13 required. records of
grosa findirgs for & specimen from
postmortem observations shail be
available 1o a pathologist when
examining that specimen
histopathologically.

[e) All data generated during the
conduct of & study. excadt thase that are
generated by automated data collection
systems, shall be recorded directly.
pramptly. and leg:bly in ink. All data
entries shall be dated on the day of
entry and signed or initialed by the
person entenng the dats. Aoy change in
entries shall be made 30 28 not 10
obscure the original entry, shall indicate
the reason for such change. and shall be
dated and signed or identified st the
tume of the change. In automated data
collection systems, the individual
responsible for direct dats input shall be
identified at the time of data input Any
change in sulomated dats entries shall

- be made so as not to obscure tha

origlnal entry, shall indicate the reason
for change, shall be deted. and the
responsible individual shall be
identified.

25. By adding § 782.135 10 read as
follows:

§ 792136 Prysical and chemical
chancteritation studies.

(a) Except as provided in paragraph
(b} of this section. the following
provisions shall not apply to studies
designed to determine physical and
chemical charactenistics of & test.
control, or reference substance:

§ 79221 {c), (d). and (g)

§ 792.35 (b) and [c)

§792.43

] 792.4%

§ 79247

§ 79240

§ 792.81(b) [1). {2). (8} through (9. and (12}
t 79290

§ 792.108 (&) through (d)

§ 92111

§ 792.120(s) (%) through (12). and {15]

§ 792.185(a] (5] through [8). [10}. [12). and (14]
§ 792.195 {¢) and (d).

(b) The exemptions provided in
paragraph (a) of this section shall not
apply to phymical/chemical
characterization studies designed to
determine solubdity. octanol water
partition coefflicient. volaulity, and
persistence (such as biodegradation.
photodegradanon, and chemical
degradation studies). snd such studies
shall be conducted in accardance with
this past.

26.In § 792,185, by revising
paragraphs [a} (4) snd (5] 10 read as
follows:
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¢ 792.195 Reporting of study results.

fl® "

11) The test, control. und reference
wubstances identified by neme. chemical
«hstracts service [CAS) aumber or rude
runber strength. purity, and

rumr~: 1. of other appropriule
(44 ihics.

ity snd. when relevant 1o the
« I the experiment, the solubility
- -, control. and reference

s.ustaaces under the corditinng of
admimstration.

. . *

27. In § 792.190. by revising
paragraphs (a) und (e) to read us
foilows:

§ 792190 Storage and reirlevai of records
and data

{a} All raw data, documentution,
records, protocols, specimens, and final
reparts generated as a result of » study
shall be retained. Specimens obtained
from mulagenicily lesls, specimens of
soil. wa'er, and plants, and wet
st - of blood. urine. feces. and
\ fuids. do not need 1o bhe

retained teyond quality assurance
review. Correspendenee and other
documents relating ‘o interpretabion and
evaluation of data. other than those
documents contained 1n the final report.
olso shull be retained.

(¢) Matenal retained of referred to in
the urchives shail be indexed to permit
evpedient retneval.

28. In § 792.195. by revising
paragraphs (b] and (c), and sdding
paragraph {1). 10 read s follow,:

§ 792195 Retention of records.

{b) Eacept s pravided in paragraph
[c) of this sectuon, documenitation
records. ruw data. and specimens
pertdining to a study and required to be
tetained by this part shall be retained in
the archive(s) [or & period of at least 8
years following the date on which the
results of the study are submitted to
EPA.

[c) Wet specimens, samples of test.
control. or relerence syubstances, and
speciaily prepared matenal, which are
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reletively fragile and differ markedly in
stabil:ty and quality during storage.
shall be retained only as long the quality
of the preparation affords evalualion.
Spec:mens oblained from mutagenicity
tcsts, specimens of soil. water. and
plants. and wel specimens of blood.
urine. feces. biclogical Muids, do not
need to be retained beyond quality
assurance review. ln no case shall
retent:on be required for longer periods
than those sel forth in paragraph (b} of
this section.

(i) Records required by this part may
be retsined either as onginal records ur
as true copies such as photocopies,
microfilm. microfiche, or other accurate
reproductions of Lhe original records.

Subpart L--{Removed)

29. Dy removing Subpart L—
Environmental Testing Provisions.
consisting of §§ 792.225, 792.228. 792.228.
and 792.232.

(FR Doc. 87-20512 Filed 12-24-87: 8:48 amij
SLING CODE $5a8-90-4
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DECONTAMINATED CHEMICAL AGENTS
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TYPE PROTOCOL 210380360000

TITLE: Hazard Evaluation of Decontaminated Liquid Waste at CRLOEC

DIRECTCSRATE/DIVISICN: Chemical Research, Development and Engineering Center,
Research Directorate, Toxicology Division, Biosciences Branch, Aberdeen
Proving Ground, MD 21010-54212

RESPONSIBLE INVESTIGATOR(S):

Principal Inveatigator: A(Dru-. 2/77&.%& &/ I)-/{z

[James H. Manthei " Date

(211287
Date

Co-Investigators:

(jL{fg{ﬁZ)
Date

A /fZ

Date

Quality Assurance Dir:

Branch Chief: At (LL//L{_Jﬁ

esl/ Ph,D. Date

g Chief Biosc s Branch
Division Chief:
ry S Ph D. Date
Chief ieology Division
Director, Research < f_ \f L T‘le A @RI &/EP

Dr. F. Prescott Ward, D.V.M., Ph.D.Date
Acting Director, Research

MANAGEMENT DATA:

Sponsor: .‘___gm._:)c_’_,lv* CH/ayLH
Janis Chase “Date
Chief, Envirommental Quality Offlice

Protocol Number: 2108803160000
Project Number:
Job Order Number:

1. Background.

In January 1986 the State of Maryland passed a regulation listing residues
of certain decontaminated chemical surety material (CSM) as hazardous waste.
Chemical Research, Development and Engineering Center (CRDEC) then initiated a
delisting requesat for these residues, in that they do not meet the criteria
for hazardous waste, CRDEC has tasked Research Directorate to provide both
analytical and toxicological data that will aupport this delisting process.
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Chemical Division will be desaignated to provide final decontaminated and
neutralized products to Toxicology Division for a toxic hazard evaluation.

Since there exists several accepted decon procedures for many of the CSMas
in queation, it may become necessary to teat one or more of these decon
procedures with each of the CSMa.

To answer the queations posed to CRDEC by the State of Maryland in thelr
3 September 1987 letter, the following criteria must be met:

a. CRDEC must provide a detailed description of the actual decontamina-
tion procedures used on the laboratory materials. This pust i{nclude a step-
by-step cutline of the decontamination process, and must identify the
decontaminating agent used on a glven CSM, the theoretical chemical reaction,
the concentration of the decontaminating agent used, the amount of time the
reaction is allowed to proceed, and any parameters that influence the degree
to which the reaction goes to completion.

b. CRIEC must describe the procedures used to assure that the solutions
on which toxicological tests are performed are equivalent to the solutions
resulting from the actual decontamination procedures.

¢. Finally, CRIEC must deacribe the protoeol for the toxcological
testing so that the State of Maryland can determine whether it follows
generally accepted practices.

In line with the above questions, this Type protocol describes in detail
the tests used by Toxicology Division to verify the decontamination of the CSM
in question (Question ¢ above). Toxicology Division will determine by the
oral and inhalation route in rats, and by the dermal route in rabbits, that
the CSM have been decontaminated to a level less than a Class "B"™ poison using
currently approved test procedures as spelled cut in CFR ll91 {DCT tests).

This protocol will be used as a Type protocol s0 any additional CSM or decon
procedures can be evaluated by the same procedures as herein described.

The albino rat and New Zealand White (NZW) albino rabbit are the species
of cholce for "DJT" teating.

The rat‘i and rabbit are the speclies of choice for these tests as specified
in CFR U49.

2. Hypothesis.

Chemical decontamination of CSM, followed by neutralization and subsequent
oral, dermal and inhalation toxicity tests, will show that the original CSM
have been decontaminated/deactivated to a toxicity level less than a class "B"
poison and are no longer a hazardous substance and can be delisted from the

State of Maryland's list of hazardous wastes.,
3. Materials.
Test materials will be the decontaminated solutions of agents following

their neutralization to pH of 7.0. The initial agents will be as chemically
pure as available and they will then be decontaminated with an appropriate
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caustic or acid as required, followed by a neutralization procedure. These
procedures will be carried out by the Chemical group at CRDEC, and the
finalized test samples will be provided to the Toxicology Division for
teating. Details of the decontamination procedure, as well as the initial
zgent chemical purity and the neutralization procedure, along with the final
pH, will beccme part of the final document.

4, Methods.

4,1 Procedure for Rat Oral Toxlcity Screen.

A group of 10 young adult Sprague Dawley rats (5 each sex) welghing 200 to
300 gm will be given a single oral dose (intubation into stomach) of 50 milli-
grams per kilogram of the neutralized test substance. Those substances that
produce death in half or more than half ?f the test group would be considered
class'"B" polsons as specified in CFR U9.

Detailed test procedures for this oral test involve the procurement of
healthy Albino rats at least 7 days prior to start of the test. Upon arrival,
rats will be quarantined and housed {in a suitable room in Bldg E3222 that is
climatically controlled to 70°F * 1% and a relative humidity of 30-70%. Rats
will be malntained on approved certified rodent chow and have both food and
water available ad libitum during the quarantine. They will be housed two
rats per cage, separated by sex and have hardwood chip bedding available.

Stainless steel, sequentially-numbered, ear tags will be used for positive
identification,

The night before oral dosage each rat will be fasted, but allowed to have
access to water, Food should be removed between 1530 hr and 1630 hr the day
prior to testing. On the next norning Just prior to dosing, access to water
will also be restricted. At the time of dosing each rat will be weighed to
the nearest gm and then intubated with 0.050 ml/kg of the test substance using
a bulb-tipped 16 gauge stainless steel feeding needle., The needle is
carefully inserted into the esophagus, and the substance is injected directly
into the stomach. All food and water is then withheld for 6 hours so as not
to interfere with the complete absorption of the test substance., Each rat is
observed for onset of toxic signs, and any deaths or toxic signs will be
recorded for onset time, severity and duration. Since this is a 48 hour test,
death iIs the primary endpoint. Following dosage, animals will be housed
individually to prevent animal-to-animal interaction. After 48 haours, each
rat will be weighed:; those that die will be welighed post-mortem. Final
disposition of all survivors will be euthaniztion by Ct‘J2 inhalation.

Identification of each animal will be maintained by cage card and numbered
S5.S. ear tag during the test.

4.2 Procedures for Rabbit Dermal Toxecity Screen.

As apecified i{n CFR 47, nlaas "B" poisons are those substances that
produce death in half or aore than half of a group of 10 young adult rabbits
weighing 2.3 ta 3.0 kg “~ilowing continuous dermal oontact with the bare sidn
for 24 hours or lesa. Zpecifically, our test procedures will include the use
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of a group of 10 young adult New Zealand White rabbits (5 each sex) following
a quarantine of 7 days. Rabbits will be housed in single unit approved
stainless steel cages and have approved certifled rabbit chow and water
available ad libitum. Quarantine and housing will be {n room 106, Bldg E3j222,
prior to testing and in room 107, Bldg 23222, following testing. Both these
rooms will be maintained at 709F + 3° and a relative humidity of 30-70%.

The day prior to testing (18-24 hr), each rabbit will be clipped free of
hair on the dorsum (back) (approxmately 150 aq am area) using two small
animal electric clippers. One clipper will be fitted with a number 2 blade
(first cllipping) and the second clipping will be done with a number 40
blade. Clipped hair will be removed immediately by vacuum. Each rabbit is
returned to {ts home cage followlng the clipping procedure.

The next morning, each rabblt, in groups of 10 (5 each sex) will be
weighed to the nearest one-hundredth of a kilogram, its metal ear tag number
recorded, and each animal will be tattooed with a black ink sequential number
inside the left ear.

In order to apply the test material to the skdn, each rabbit will be
manually restrained by two individuals, and a 2" by 2", two-layer thick
surglcal gauze patch will be taped to the skin with hypoallergenic tape. At
this time a dose of test substance i3 applied to the skin under the gauze at a
volume of 0.200 ml/kg. The gauze is then immediately covered with
polyethylene film which ils, in turn, tape secured to the clipped skin with
additional hypoallergenic tape to form a semi-occlusive protective covering.
This procedure ls followed by fitting an Elizabethan collar around each
rabbit's neck to prevent the animal's licking or scratching at the test
site, After the collar is secured, the rabbit is returned to its home cage
and the patch is left {ntact for 24 hours. Rabbits will have free access to
food and water and observation for toxic signs and death will continue for 48
hrs. The test patch is removed after 24 hrs, the sidn is gently rinsed with
lukewarm water, blotted dry, and the rabbit again returned to its home cage.

After the 48 hr test is completed, all surviving rabbits will be
euthanized by intravenous {(ear vein) injection with T-61 (0.20 ml/kg).

Toxie signs will be carefully observed and recorded both for onset time
and severity, as well as duration. Since these decontaminated substances were
prepared from either nerve agents or irritants/vesicants, any residual, non-
decontaminated agent, should produce either visible toxic signs or sidn
irritation.

4.3 Procedures for Rat Inhalation Toxcity Screens,

CFR 49 states that a class "B" poison ls a vapor, miat, or dust that when
continuously inhaled at a concentration of 2 milligrams per liter or leas for
1 hr produces death in half or more than half of a group of 10 white
laboratory rats (200 to 300 gm) within 48 hours.

Of the 8 campounds listed in Table 1, only S have sufficlent vapor
pressure to be of concern as inhalation hazards. They will be tested under
conditions designed %o demonstrate any inhalation hazard. The inhalation
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hazard test recognizes that both volatility and toxicity affect the hazard
potential in the workplace. To address these two areas in the complex decon
solution, the experimental protocol has been specified as outlined below:

a. Place 5 young adult rats of one sex (acclimated {n the animal room for
at least 5 days) in an inhalation chamber of ¢ 20 liters volume. For each
teat compound 10 rats are exposed in 2 groups of S each, with males and
femdles exposed to each test material. The apparatus {s diagrammed in
Figure 1,

b. Draw exposure atmosphere through a 5 cm column of the tesat liquid.

¢. Exposure time is 1 howr and the test liquid must be replenished 30 min
into the exposure.

The goal is to show <S deaths for 48 hr after the exposure. This would
indicate less than a class B poison.

It should be noted that this procedure gives a maximal concentration
compared to that expected in the latoratory. Attempting to directly generate
2 mg/l of the decon material would be technically difficult and would be
irrelevant to the workplace hazard. In addition, no attempt will be made to
quantitate chamber contents as this would be expected to be a highly complex
mi xture undergoing rapid change as the more volatile camponents of the test
soluticn are exhausted, During exposure the chamber temperature will be

maintained at 23 » 2°C, and once during each exposure the 0, content will be
checked.

5. Technical Methods.

5.1 Rats.

Rats used for oral dosing will be housed in Bldg E3222, room to be
determined (possibly 108), which is climatically controlled to 70°F + 3° and a
relative hunidity of 30-70%. Daylight/dark hours will be controlled | by timer
on a 12-hour c¢ycle. Rat cages will be standard size polycarbonate, containing
hardwood chip bedding. [uring quarantine, rats will be housed in groups of
two, by sex, and have certified rodent chow and water avallable ad libitum.
Bedding will be changed on Mondays, Wednesdays and Fridays and food and water
will be checked daily. After testing, rats will be housed individually to
prevent animal-to-animal contact and cannibalism. Observation for toxic signs
will be continuous on test day, and at least three times on day two, or more
often If toxic signs persist, After U8 hours all surviving rats will be
euthanized by CO, inhalation.

Rats used in the inhalation phase of this study will be housed in room ¥
of building E3226. Envirommental parameters are as above., Caging will be
individually, however. Cuithanization will be by 002 inhalation.
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5.2 Rabbits.

Rabblts will “e housed in room 106, building E3222, during quarantine.
Tach rabbit will be !n a single unit stainless steel cage and have approved
rabbit chow and water available ad libitum. Food and water are checked daily
and cage pans are sanitized on Mondays, Wednesdays and Fridays. The
temperature will be automatically controlled to within 70°F * 3°, and relative
humidity, 30-70%; light cycles will be maintained autamatically with a 12 hour
daylight/12 hour dark cycle, Body weights will be monitored upon arrival, at
test time, and then at termmination or death, whichever occurs first.
Identification will be by sequentially-numbered metal ear tag, as well as an
identical number tattooed in black ink on the inner surface of the left ear,

Test procedures will be done in rm 107, building E3222, and this room will
be envirommentally maintained the same as in roam 106. Rabbits will be
prepared for testing by clipping a 150 sq cm area on their dorsal area using
both a number 2 and a number U4Q blade attached to small animal clippers.
Elizabethan collars will be worn by each rabbit for the duration of the 24 hr
exposure to prevent licking and disturbing the teat site, Following test
completion, rabbits will be euthanized by intravenous injection (ear vein) of
T-61 (0.20 ml/kg}.

6. Data Analysis.

Data analysis will involve monitoring and recording the onset and duration
of toxic signs, as well as times to death. Those substances producing death
in half, or more than half, of each group of 10 animals will be considered as
clasas "B" polsons. Since several of the test starting agents substances may
produce irritation, this toxie effect will also be monitored.

7. Coanpound Purity.

The initial starting compounds that will be decontaminated/deactivated by
canbining them with either bases or acids will be as pure as available at
CRDEC and the decontamination materials will be documented by the chemists and
supplied for inclusion in the final document. Also to be included (s the pH
of the final neutralized product.

8. Data Storage.

Test data wlll be recorded in official CRDEC notebooks along with any
computerized data developed, Ultimately, these will be reported in a
techniecal report and final disposition of the test data will be in the
Toxdcology Division Archives.

The type of data to be recorded include:

a, Animal species, sex, welght, ear tag number.

b, Animal arrivwl date, test date, termination date.

c. Canplete record of toxc signs observed, as well as time of deaths if
they oceur.

d. Record of feed usad, lot number, brand, manufacturer.
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e, Times for inhalation exposure.

f. Complete record of chemical substances used, to include starting
purity of the agents, decontamination procedures, and the final neutralization
procedure, as well as the final pH.

g. Names of individuals involved in the study, along with their
qualificationa,

h. Record of facility climatiec conditions.

i. Any problems that arise, such as climatic, animal health status during
quarantine will be documented.

J. Any changes necessary to the procedures spelled out in this protocol
will be documented.

9. Pain Category.

Although these subatancea are to be detoxified and neutralized, the oral
and dermal test procedures i{n themselves will produce scme stress. The oral
and dermal tests will therefore be conducted as pain/stress without anesthetic

or analgesics. The inhalation tests will produce no significant pain or
stress.

10. Euthanasia.

Following the completion of the U8 hour test procedure, rats will be
euthanized by inhalation of CO, and rabbits will be terminated by intravenous

{(ear vein) injection of T-61 (euthanasia solution), at a volume of
0.2 ml/kg.

11. Bibliography.

1. Code of Federal Regulations, CFR 49 (Transportation) parts 100 to 177,
Section 173.343 Poison B, page 502, October 1, 1986,

12. Coordination.

a. Clinical Pathology: None requlired

b. Anatomical Pathology: HNone required

¢. Animal Requ! rements:

(1) Species: Rabbit
Strain: NZW

Total Numdber: 10 per test

Age and Weiaht: Young adult, 2.3 to 3.0 kg
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Sex: 5 male and 5 female per test

Starting Date: Open

Completion Date: Open

{2) Species: Rat
Strain: Sprague-Dawley

Total Number: 20 per test

Age and Weight: Young adult, 200 to 300 gm

Sex: 10 male and 10 female per Leat

Starting Date: Open

Completion Date: Open

d. Cosat Accounting:

(1) Protocol Nunber:
(2) Project Number:

(3) Job Order Number:
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8.2.4 CODE OF FEDERAL REGULATIONS
DEPARTMENT OF TRANSPORTATION
GUIDELINES FOR CLASSES OF
POISONOUS MATERIALS
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lre nol. Dermmed
wnm $4. 30 TR 3T43. Apr. n 1963, as
smehded by Order T1. 31 FR 9070, July 1,
1984. Redesipnated st J2 FR 3608, apr. 3
1967, snd anmended by Amdt. 1713-60. 37 FR
3884, Feb. 3. 1972. 37 FR 1324, Feb. 17, 1972
Amndi. 173-94, 41 FR 16074, Apr. 13, 1876}

Subpart F—Corroaiyp Materiply:
Defoition ahd Preparstion -

Souvece: 19 FR 18725, Dec. 29. 1344, uniess
etharwise notad. Redesignated at 32 FR 3008,
Apr. 5, 1967,

§ 123260 CZorresive matslals  dsfini-
Algne

~ {a? For the purpose of this subchapter.
& corrosive materiat 13 a liquid or solid
thal causes visible destruction or irre-
versible alterations in human skin tissue
at the site of contact, or In the case of
leakage from its packaging. & lieuid thet
has & severe corrosion rate on steel,

(1) A material Is considered Lo be de-~
structive or o cause irreversible altera-
tion In humasn skin tissue U when tested
on the intact skin of the albing rabbit by
the technique described in Appendix A
-:- 0 this Part, the structure of the tisgue
" &b the site of contact is destroyed or
i- changed lrreversibly afler an exposurs
uﬂod of 4 hours or less.

(2) A liquid is considered to have a
. Bavere corroaion rate if ita corrosion rata

exceeds 0.250 Inch per year (IPY) on .

ttesl (BAE 1020) at & test temperaturs of
RACE Standard TM-01-69.

i 130° P. An acceptable test is described In

(b} I human experience or other data

> indicate that the hazard of o material

. i8 greater or less than indicated by the

: regulta of the Llests specified ln para-

graph (o) of this section, the Depart-
ment may revisse Its classtfication or
maks the material subject to the re~
qQuireznents of Parts 170-189 of this
subchapter.

[Amdt. 173-81. 3IT'PR 3047, Mas. 73, 1972:
a8 amended by Amdt. 173-7¢. 38 PR 20839.
Aug. 3. 1973: Amdtl. 1T3-84, €41 FR 10074,
aApr. 13, 19744

173341 Oulags.

(a) The cutage (ullsge! for packagings
. cahtalning corrosive liquicds, when offered
. for tranaportation, must be in sccorg-
ance with the (ollowing requirements:

(3) General outage requirements.
Packagings must not be completely

0 Amadt. 1T3-61, 37 FR 3T, Mar. 33, 1912

hilled. The proper vacant space outage)
in & tank car or other shipping con-
tainer depends on the coeMcicut of ex-
pansion of the liquid and the maxtmum
Increase of temperature to which it wifl
be subjected in transit. Outage tmust be
caleulated to the total capacily of the
contalner.

2 Qutage requirements for packag-
ings of 110 gallons or less. SuMcient out-
ARe must be provided so that the packag-
lcng will not be liquid full at 133° P. 5%’

D,

11 Oulape requirements for tank
cars. In tank cars, cutage muit be cal-
culated o percentage of the total
capacity of the tank. | e., shell and dome
capacily combined. If the dome of the
tank car does not provide sufficlent out.
age, then vacant space ruit be left in
the shell 10 make UP the required outage.
The outage for tank cars must be Dot
leas than 1 pervent

(4) Outape requirements for cargo

tanks or portable tanks. No cargo tank
or portable tank. or c¢ompartment
thereof. used for the Lransportation of
any corrosive liquid shall be eompletely
filed. The outage for cargo tanks and
portable wabks must be no leas than 2
percent.
129 FR 180728, Dec. 29, 1984, Racaa!gnatad st
32 FR 8404, Apr. 3, 1947, and amended by
Amdt. 1TI-6L, 17 PR M7, Mar. 73, 1973
Amdt. 1T-M, 41 PR 16074, Apr. 18, 1970)

§173.242 Bouwles rontaining corrosive
liquide.

(s} Bottles contalning corroaive lg-
uids, as defined by § 173.240, may not be
packed io the same outside contalner
with any other article. except as specifi-
cally provided in peragranhs (b) and (e)
of this section and |} 17328, 173287,
173.258, 173288, 1713280, 173281, or
173.286.

(b) Bottles containing corroaive lig-
uids cushicned by incombustible abaorb-
ent material and securely packed in
tightly ciosed metal ¢ontainers. except
hydrofuoric acid which must be packed
in a container other than s metal con-
tainer. may be packed with other articles.
This exeeption do¢s not apply to nitrie
acid exceeding 40 percent concentiration,
perchloric scid, hydrogen peroxide ex-
ceeding 52 percent sirength by weight,
gitrohydrochloric acld or nitrohydro-
ehloric acid diluted, which must not be
packed In the ame outsde contalner
with any other article under lny eir=
cumstansces.

%1
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Yale and contruct motor carriers under
conditions specited in § 177840
of this subchapter.

\vll) Pressure In each cylinder must

be reduced to 3 piyig ar lower at least
once within 4 hours befare the beginning
ol iranaportation.
138 FR 18743, Dec 29. 1964, Redesignated st
32 FR 3606, and smended by Amadt 1T1-8
34 FR 7101, May 1, 10€69. Amat. 173-04, 41 FR
16081, Anr 18, 1078)

Subpart M—-Poisonaus Materials, Etiologic
Agents, and Radicactive Materials: Defi-
nitiong and Preparation
Souncx: 26 FR 18751, Dec 29. 1964, uniess

otherwire noted Redesignated ot 33 FR
4000, Apr. 3, 1987,

lLONOUs male-

(a) Poisonous materials for the pur-
pose of this subchapter are divided into
.- three groups sccording to the degree of
hazard 1n transportation.

¢1) Poison A.

L+ 3) Folsog B
(3 Irritating material,
fAmdt. 173-04, ¢1 FR 16081, Apr. 18, 1974)

§ 173326 Polson A.

(a) For the purpose of Parts 170-139
of this subchapter extremely dangerous
polsons. claas A, are poisonous gaaes or
Liquids of such nature that s very smal
Amount of the guy. or vapor of the Uquid.
muixed with air ts dangerows o life. This
¢lass Includes the following:

1) Bromacetone

(3) Cyanogen.

(3) Cysnogen chloride containing lesg

0.7 parcent water,

(4) Diphosgene.

() Ethyldichlorarsine.

19) Hydrocyanic acid (tee Mots 1 of
this parasraph).

(D {Reserved)

(3) Maethyidichlorsraing.

{9 [Reserved)

(10) Nitrogen peroxide 1tetroxide) .

{11 [Reservedl
. (12} Phosgene (diphcagene).

(13) Nitrogen (letroxide-nitrie oxide
mixtures containing yp to 31.2 percent
weight nitrie oxide.

Novs |: DUuted solutons of bydrocysair
azid of not s1ceeding 3 percent strength are
slamssd &3 polsonous articion. claas B (ape
1 173.548).

B) Poisonous gases or linuids. claas
A, a8 defined 18 parsgraph 2) of this
section, except as provided in }173.33),

rall express. ' e
129 FR 18732, Dec 29 1984, Redesignng, s
31 FR 3606, Apr. 3 1987. and amenaey .
AmdL 17304, 41 FR 18081, Apr 1n g,
Amdl. 173-94A. 41 FR 40683 Sept . T

§173.327 CGenersl packaging requie,
ments for Puinon A nisteriala,

'8) Cylinders mua.t be maintainey -
voniphance with the requiremcits -
117234, Valves must be capable of wigy.
standing the test pressure of the exv(ip.
cers and must have taver-threaded . n.
aections directly o the cylinders .o,
oushings or straight-thireaded conneg.
tons of valves to cyviinders pernucied:
For corrosive commudities, valves -
be of the packed Lype provided the ax
sembly 8 macde Za3-tight by means .-
& seal cap with compatibfe ZhsSKet o
jvint to the valve body or to the cviin.
der O prevent ‘oas of commodity
through or pest the packing. otherwise
Lhe valves must be of the packless Ly
¥th nonperforsted diaphragms ang
bandwheels, Each valve outiet must be
sealed by a threaded CAp OT & threaded
solid plug. The outlet caps and plugs,
luting, and gaskets must be compatible
with euch uther. the valve assembly. andg
the lading,

(1) The pressure of the poisen gAs at
130° P. must not exceed the Service pres-
sure of the eylUnder. Cyilnders must not
be Uquid {ull at 130° P

12) Cylinders packed In boxes muat
have sdequate protection for valves. Bnx
and valve protection must be of strength
sufficient to protect all parts of cylinders
and vulves from deformation or break-
4§80 reulting from a drop of at least
§ fest onto a concrete Noor. impacting at
the weakest point. A cylinder not over-
pPacked In o box must de wquipped wilth
& protsctive cap or other means of valve
protection which must be capable of
praventing damage to or distortion of
the valve If it were sfubjected to an
Impact test as follows: The eylinder.
prepared as for shipment 1s sllowed to
fall from an upright position with the
side of the cap or other valve orotection
striking & solld steel object projecting
hol roore than € inches above the fcor
level,

b} Cloaing and cushioning. All con.
(Alners must be tightly and securely
closed Inside containers must be cush-
loned as prescribed. or In ANY CAse when
NECCIIArY 10 prevent breakace or leakags

(c} MNe class A poisons ib earco tanks
No “extremely dangerous polson, elass

382 '
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120 FR 12743, Deg. 20. 1944. Redesignated at
33 FR 4604, Apr. 5. 1667 and smended by

Amdt. 17)-73, 18 FR 20085. July 27, 1973,
Amat. 173-54. 411 FR 1€082. Apr. 13, 1970|
1713318 (Resered]

§ L343 Pain

(8) For the purposes of Party 170-
189 of thly subehapter and except a8
otherwise provided in this Part, class B
polsons are those substances, jiquid or
solld (ncluding pastes snd semisoilds),
other than Class A polsens or Irritating
materials, which are known to be $0 Loxie
to man as to afford & hazard to health
during transportation: ot which. in the
absence of adequate data on human toxe-
ieity, are presumed to ke toxic to man
because they {all within any one of the
following categories when tested on lab-
oratory animals:

(§)] ! torieity, Those which pro-
duce death within 48 hours tn half or
more than half of & group of 10 or more
whits laboratory raly weighing 300 two
100 grams &t & single dose of 50 milll.
gTams Or less per kilogram of body
weight, when administered orally,

g, TeTCityonLakiaign. Thote
whizh produce desth within 48 hours In

balf or more than half of & group of 10
or more white laboratory ruts weighing
300 to 300 gramu, when inhaled cofie
dnuously for s period of one hour or Jews
&t & coboentration of 2 milligrams or
Joms per Uter of vapor. mist, or dust, pro-
vided suth concentration s likely to be
ensountared by man when the chemcal
product 18 used In any reasonadle fors-
uul):h mannar.

a zﬁﬁ"“" by m_mgql
Thoss which produce death within ¢

hours In balf or more than half of &
group of 10 or more rabbi’s tested at s
dosage nf 200 miiligrams or less per kNo-
fTam body weight, when adminiatersd

.. by continuous contact with the bary axin

fer 34 hours or less.

{b) The foregoing categories shall pot
apply If the physical charactertsties or
the probebls hazards W hurcans s
shown by experience (ndicats that the
substapces will 8ot cause serious sickness
or death. Neither the display of danger
or warning labels pertaining to use nor
the toxicity tests set forth above shall
prefudics or prohubit the exemption of

we % wuww, APF. 5. 1067 and amended n(
Amdt. 17]-84 41 FR 15043, Apr. !5 1978
Amdt. 173-048. ¢1 FR 37070, Dwe. 30. L9%a}

f173.344 Ceneral

pachuging require.
menis for Poison B liquids.
(s} Cloalng and eushloning. All con.

tainers must be tightly and securely
closed. Inside contaliners must be cush.
ioned as prescribed. or In any case whep
necessary to prevent bdreakage or lesk.
age.

(b) Packagings containing lquid ma.
terial may rot be completely flled. Out-
age must be as follows:

(}) Tor packsgings of 110 gallons or
less, tufficlent cutage must be pravided
30 that the packaging will not be liquid
full at 130* F. (55° C.),

(21 The propar vacant spaca (outage
lo a tank car or other shipping con.
talner depends on the coeficient of ex-
panaion of the liquid and the maximum
Ineresss of tempernture to which [t will
be subjected (b transit. Outage must he
cslculated to Lhe total eapacity of the
container.

{(3) Liquid poizon must not be loaded
into domes 5 tank cars.

(4) In tank cars, outage must be cal-
culated to percentage of the total ca-
pacity of the tank, 1. ¢.. thell and dome
capacity combined. 1f the dome of the
tank car does not provide sufficient cut-
age, then vacant space must be left In
the shel] to make up the required outage.

(8) The outags for tank cars must oot
ba lexs than ! percent.

(6) No cargo tank or compartinent
thereof used for the transpertation of
any llquid polson ahall be completaly
filled: uMcient space shall be left vacant
in evary cace L0 prevent leakage from or
dlatortion of any such cargo tank by ex-
parsion of the contents due to rise In
temperature in transit, snd such free
space ioutage) ahall be sufficient b every
case wo that such cargo tank shall not
bteomuo. s sotiraly filled with the liquid at
129 PR 15788, Dec. 10, 1064. Radesignatad at
12 PR M08, Apr. 5. 1997, and smended bV
Amdt. 17T3-04. 41 FR 18083, Apr. 13, 1976,
Amdt. 1T3-84A. 41 FR 4083). Bapt. 20, 1978}

1173.345  Umited quantities ul Poiron
B liguida

(a) Limited quantities of Polron B
liquids for which exceplona are per-

Pano RA.A7
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§173.343

with {nert luting or gasket material
Valves must be of stainless steel and
the caps. ptugs, and valve seals must
be of material that will not be deterio-
rated by contact with nitric oxide or
nitrogen dioxide. The tank may not be
equipped with any safety relief device.

(28 FR 18733, Dec. 29, 1964, Redesignated at
J2 FR 5608, Apr. 5. 1967 and amended by
Amdt. 173-73. 38 FR 10085, July 27, 1973
Amdt. 173-94, 41 FR 18082, Apr. 15 1976
Amdt. 173-52, 46 FR 62458, Dec. 24, 1981 47
FR 13818. Apr 1, 1982)

§171.343 Poison B.

¢(a} For the purposes of Parts 170-
189 of this subchapter and except as
otherwise provided in this part, Class
B poisons are those substances, liquid
or solid tincluding pastes and semiso-
lids). other than Class A polsons or Ir-
ritating materials, which are known to
be so toxic to man as to afford s
hazard to health during transporta-
tion: or whieh, {in the absence of ade-
quate data on human toxicity, are pre-
sumed to be toxic to man because they
fall within any one of the following
categories when tested on laboratory
animals:

(1) Oral loxicity. Those which
produce death within 48 hours in half
or more than hall of & group of 10 or
more white laboratory rats weighing
200 to 300 grums at & single dose of 50
milligrams r less per kilogram of
body weight, when asdministered
orally.

(2) Tozicity on inhalation, Those
which produce death within 48 hours
in half or more than half of a group of
10 or more white laboratory rats
weighing 200 to 300 grams, when In-
haled continuoualy for a period of one
hour or less at a concentration of 2
milligrams or leas per liter of vapor,
mist, or dust, provided such concentra-
tion s tkely to be encountered by man
when the chemica] product Ls used in
any reasonable foreseeable manner.

(3} Toricily by skin absorplion,
Those which produce death within 48
hours in half or more than half of a
group of 10 or more rabbits tested at a
dosage of 200 milligrams or less per
kilogram body weight, when adminis.
tered by continuous contact with the
bare skin for 24 hours or lesa.

49 CFR Ch. ) (10-1-86 Editien)

(by The foregoing categories shal)
not apply |f the physical charactens.
tics or the probable hazards o
humans as shown by experience indl-
cale that the substances all not cause
serious sickness or death. Neither the
display of danger or warning labels
pertalning to use nor the toxicity tesy
set forth above shall prejudice or pro-
hibit the exemption of any substancey
from the provisions of Parts 170-189
of this chapter.

129 FR 18753, Dec. 19, 1964, Redesignated at
32 FR 5808, Apr. 5. 1967, and amended by
Amdl. 173-94, 41 FR 18083, Apr. 15. 1976;
Amdt. 173-94B. 41 FR 57070, Dee. 30. 1970]

$ 173344 Generwl packaging requirements
for Poison B liquida

(a) Closing and cushioning. All con-
tainers must be tightly and securely
closed. Inside containers must be cush-
loned as prescribed, or in any case
when necessary 1o prevent breakage or
feakage,

(b) Packagings containing liquid ma.
terial may not be completely filled.
Outage must be as follows:

(1) For packagings of 110 gallons or
less, sufficient outage must be provid-
ed 30 Lthat the packaging will not be
liquid full at 130" F. (35° C.).

€(2) The proper vacant space (outage)
in a tank car or other shipping con-
tainer depends on the coefficlent of
expansion of the liquid and the maxi-
mum increase of temperature Lo which
it will be subjected In tranait. Outage
must be calculated to the total capac-
ity of the container.

(3) Liquid poison must not be loaded
into domes of tank cars.

(4} In tank cars, outage must be cal-
culated to percentage of the total ca-
pacity of the tank, {. e.. shell and dome
capacity combined. I the dome of the
tank car does not provide sufficient
outage, then vacant space must be Jeft
in the shell to make up the required
outage.

(5) The outage for tank cars must
not be less than | percent.

(8) No cargo tank or compartment
thereof used for the transportation of
any liquid poison shall be completely
filled: sulficient space shall be left
vacant in every case to prevent leak-
age [rom or distortion of any such
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§173.34

with inert luting or gasket material
Valves must be of stainless steel and
the caps. plugs. and vilve seats must
be of material that will not be deterio-
rated by contact with nitric oxide or
nitrogen dioxide. The Lank may not be
equipped with any safety relief device.

[29 FR 1875), Dec. 29, 1944. Redesignated at
32 FR 5606, Apr. 3. 1967. and amended by
Amdt. 173-73, 38 FR 20083. July 17. 1973,
Amdt. L71-94, 41 FR 18082. Apr. 15, 1978
Amdt. 173-52. 46 FR 82458, Dec. 24, 1981; 47
FR 13818, Apr 1. 1982])

§173.343 Poison B.

(a) For the purposes of Parts 170-
189 of this subchapter and except as
otherwise provided in this part, Class
B poisons are those substances. liquid
or solld t(Including pastes and semiso-
lids), other than Class A polsons or ir-
ritating materials, which are knosm to
be so toxic to man as to afford a
hazard to health during transporta-
tion; or which, in the absence of ade-
quate data on human toxicity, are pre-
sumed to be toxic to man because they
fall within any one of the following
categories when tested on laboratory
animals:

{1y Oral toricity. Those which
produce death within 48 hours tn haif
or more than half of a group of 10 or
more white laboratory rats weighing
200 to 300 grams at & single dose of 50
milligtams or less per Kkilogram of
body weight, when administered
orally.

(2) Tarxicitly on inhalaiion Those
which produce death within 48 hours
in half or more than half of a group of
10 or more white laborstory rats
weighing 200 to 300 grams, when (n-
haled continuously for a period of one
hour or less at a concentration of 2
milligrams or less per liter of vapor,
mist, or dust, provided such concentra-
tion is likely Lo be encountered by man
when the chemical product (s used In
any reasonable foreseeable manner.

(3) Toricily by skin absarption
Those which produce death within 48
hours in half or more than half of a
group of 10 or more rabbits tested at a
dosage of 200 milligrama or less per
kilogram body weight, when adminis-
tered by contlnuous contact with the
bare skin for 24 hours or less.

49 CFR Ch. | (10-1-88 Editien)

(b) The foregoing categories shall
not apply If the physical characteris.
tics or the probable hazards to
humans as shown by experience indi.
cate that the substances will not cause
serious sickness or death. Neither the
display of danger or warning labels
pertaining to use nor the toxicity tests
set forth above shall prejudice or pro-
hibit the exemption of any substances
from the provisions of Parts 170-1389
of this chapter.

{29 FR 1875]). Dec. 19, 1964. Redesignated at
32 FR 5808, Apr. 5, 1967. and amended by
Amdt. 173-94, 41 FR 18083, Apr. 15, 1976;
Amdt. 173-94B, 41 FR 37070, Dec. 30. 1874)

§172.344 Cemnersl packaging requirements
for Poison B liquide.

(a) Closing and cushioning. All con-
tainers must be tightly and securely
closed. Inside containers must be cush-
ioned as preacribed, or in any case
when necessary Lo prevent breakage or
leakage.

(b) Packagings containing liquid ma-
terial may not be completely filled
Outage must be aa follows:

(1) Por packagings of 110 gallons or
less, sufficient outage must be provid-
ed 30 that the packaging will not be
liquid full at 130" F. (58° C.).

(2) The proper vacant space (outage)
in & tank car or other shipping con-
talner depends on the coefficient of
expansion of the liquid and the maxi-
mum incresse of temperature to which
it will be subjected In transit. Qutage
must be caleulated to the total capac:
ity of the contalner.

(3) Liquid poilson must not be losded
Into domes of tank cars.

{4} In tank cars, outage must be cal-
culated to pereentage of the Lotal &a-
pacity of the tank L e, shell and dome
capacity combined. If the dome of the
tank car does not provide sufficient
outiage, then vacant space must be left
ln the shell to make up the required
outage.

(5) The outage for tank cars must
nat be lesa than 1 percent.

(4) No cargo tank or compartment
thereof used for the transportation of
any llquid poison shall be completely
flled; sufficient space shall be left
vacant In every case to prevent leak-
age [from or distortion of any such
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H. Baction 171.308 would be added o
resd as {ollows:

§ 171,308 Cigareite lighter or other siml.
lar device charged with foel

(a) In addition to the requirements of
§ 173.21(d). & clgaretts lighter or other
amilar device charged with butane, s
putane mixture, or other gaspous mixture
-having similar propertiss must be
shipped In accordance with the follow-

ng-

(1) No more than 2.3 flud ocunces of
liquefied gas may be loaded into each
device:

t2) The pressure in esch device may
not exceod 140 psig. at 130°P.

¢3) Tha Lgquid portion of the gus may
not excend 83 pervent of ithe yYolumelric
capacity of each fluid chamber at 80°P.

(4) Each @evice. including closures,
must be capable of withstanding sn in-
ternal presure of at least 278 psly.

(3) be overpacked in
packagmy that is designed or arranged
to prevent movement of the device 1taelf,

L 1In } 173314, the word chapler would
be amanded o read “subcbapter” tn par-
agrasph (b) (4) ; paragraphs
(6} would be added {0 read aa follows:

§ 173.314 Requirements for compresasd
guses In Lank care.

(b’ a & 8

(5) Each {fapk oar. ¢xcept series
104A%** or 110A°"" eontaining a fiam-
mable compreased gas or Gammahle tom-
pressed gas maixtare must be marked with-
the Damm of-coptants () 1TL101) 1o at-
cordante with ths Tequirements aof
t 173310 of this subchapter or as other-

approved by

“CHLORINE.” as approtviats, in accord-
anoe with the requiremssnts of | 172310
of this subehapier.

§5 173315 and 173.316  (Amended)

J. Bections 173318 and 173316 would
remain the same as now writien expept
the word chapter would be amended to
read “subchapier™ sach lme it appears
in the sections.

K. Subpart G would be amended ma
follows: - -

§173323% Cassw of pelsearm
serials. . et

(a) Polsconous materials for tha pur-
poss of this subchaptar are divided into
thres groups according to the degree of
hagard in transportation,

(1) Extremsly toxio materials;

(1) Righly toxic material ;

(3} Drrilating maierial.

B, Ssction 173320 would be delcted
and & oew § 173338 would be added to
read ag follows:

PROPOSED RULES

§173.326 Extremely tozic
definition.

() Tor the purpose of this subchap-
ter, & substance is conszidered %0 be an
eitremely toxic matlerisd If it falls within
any one of the following categories when
tested on Laboratory animals according W0
the teat procedures described in this par-
agraph:

(1) Ingestion (oral). Any material that
has a single dose LDa' of § milligrams
or leas per Xilogram of body weight when
administered orally to both male and fe-
male white rats (young adults);

t1) [nhglation. Any muaterial that has
an LCa' of 50 parts per million or less
by volumme of & gas OF vapor. or 0.50 milli-

materiale;

portation;
(3) Skin abeorption. Any matlerial that

£

3118

tion n the test must have a diameter of
10 microns or less provided It is resson-
ably foressenble that such concentiutions
could be encountered by man in trans-
porcation.

(3) Skin gbsorption. Any material that

;
i
i
it
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Background Document I, Reference 9

Edgewood Arsenal, 1974, Chemical Agent Data Sheets, Special Report EO-SR-74001, Vol. 1,
Headquarters, Edgewood Arsenal, Aberdeen Proving Ground, Md. (Dec.).

See Background Document B, Reference 15



Background Document I, reference 10

Hewett, C.L., 1948, "Isomers of 2-Chlorovinyldichloroarsine," J. Chem. Soc. 1203-1205.

See Background Document B, Reference 26



Background Document I, reference 11

Jackson, K.E., and M.A. Jackson, 1935, "The Chlorovinylarsines," Chem. 16:429-452,

See Background Document B, Reference 29
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SUMMARY

The objective of this program was to develop state-of-the-art chemical
processes and equipment designs cuitable for incorporation {nto the desfgn of
full-scale chemical agents (GB, VX, H} and munitions demilitarfzation facil-
jties. These designs would have the potential of converting the agents to
useful products, reduce operating costs, conserve enerqv, and/or reduce
capital investment when compared with the R&D baseline system. The results
had to be demonstrated on a sefficiently large scale to prove feasibility and
to provide design data for pilot scale systems,

The program was organized {nto two ohases, The obfective of Phase I,
which {s the subject of this report, was to identify, screen, and evaluate
potent{al chemical methods for demilitarizing the three aaents and to
recommend the most promisfng methods for laboratory testing. The ohjective of
Phase IT s to experimentally test the recommended methods tn verify theore-
tical expectattons and to provide design data for piflot-scale testing of .the
Yeading method(s).

This program, conducted by IIT Research Institute, {dentified and
analyzed methods that can save the Army up to about S450 million over the RE&D
haselfne and conveirt agents to DF and other chemicals of great interest to tﬁe
milftary and Industry.

As part of Phase I we conducted a comprehensive search of the l{terature.
We also contacted major chemical companies in the United States in order to
identify all potential chemical methods that could convert the chemical anents
to useful or at least environmentally henfgn compounds, at the least cost to
the Government. Inteasive in-house discussfons were also held amonq our
scientists and engineers as well as consultants with extensive experience in
the chenistry of the agents, in an attempt tn conceive other promising
methods.

Our efforts succeedad {n identifying over 25 methods, which were all
screened by using quantitative criteria that we developed and refined specifd

HT RESEARCH INSTITUTE
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cally for this program. Four methods were selected for enaineering qnd
economic evaluation:

{1) Anhydrous chlorfnolysis

{2) Hot water hydrolysis

t3) Aqueous chlorinelysis and hypochlorination .
{4} Pyrolysis.

A detafled process flow diagram was develoned for each process, and mass
and enerqy calculations were performed on these diagrams. The hest availahle
kinetic information and careful engineering judgment were used to size the
equipment. Once the technical feasibility of a process was estab)ished, we
evaluated its economics and compared the results with those for the R5D
baseline. The economic evaluation addressed. ftems such as fnstalled cost of
the equiprment, lahor, maintenance and spare parts, chemical feedstocks,
disposal c¢f by-products, and treatment of explosives and coataminated metals.
The analysis also cons{dered the value and marketahility of the products.

The results of the engineering and economic evaluation were extremely
encouraging. Anhydrous chlorinolysis and hot water hydrolysis were
established as the twa leading candidates. HRoth mathods use cormercially
availahle equipment to convert the agents to useful chenicals with minimal
waste by-products that can he easily disposed of.

Anhydrous chlorination can convert hoth GR and YS to DF, thu§ providing
the Governnent with most, if not a11, of the DF 1t neads for the next few
years. 1t can also convert H to cheafcals such as SzClz which should he
salahle to industry. The net savinas of this method over the haseline,
including credit for DF, amounts to ahbout 545 nillion-per site oF $453 million
from all 10 sites.

Hot water hydrolys{s alsa converts GB and H to chemicals that can he used
by fndustry or by the military. It Slso convert ¥X to nontoxfc water-soluble
salts that can he transported hy conventional means to waste manaqgenent
companies for incineration. The analysf{s showed that this method can save
adout 3525 mi{llfon per site over the baseline, or %250 miilicn for all 10
sites.

The impressive results achieved with these twn rethods confirm that they
deserve testing. We therefore recomaend them for laboratory-scale testing as

HT RESEARCH INSTITUTE
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Phase 1! of this program. The analysis done during Pﬁase 1 1dentified areas
where crucial information i« Yacking and can be generated only in the
laboratory. The following points should be evaluated for both processes in
Phase [1I:

{t) 14entification of cptimun cperating conditions which could
result in yet higher savings. These could be achieved via &
carefully planned parametric study based on experimental data,

{2} Kinetic and vapor-liquid equtl{brium data are lacking for both
methods. These data are essential to size the equipment ard
to determine the final configuration of the flow diaarams.

(3} The strict purity requirements on some of the prcducts, such
as DOF, requires proper purification techniques that need
proving in the lahoratory. .

{4) Analytfcal methods for some of the products do not exist and
need to be developed. Thit {5 especially true when solids and
1{quid mixtures are produced.

{5) Pollutfon adatement equipment that might he reauired for a
full-scale plant needs to be identified and may be tested in
the lahoratory.
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PREFACE

I1T Research Institute ¥s very pleased to submit this final report on
Phase 1 of Contract No. DAAK11-82-C.0091 (IITRI Project No. COE565) entitled,
"Bevelopment of Chemical Processes for Chemical Demiiitarization.” This
report includes technical and econonfc evaluations of many potential chemical
methods that may he used to convert agents GR, YX, and h to reusahle or
environmentally safe products. As a result of these evaluaticns the two most
cost effective methods are recommended for laboratory evaluation in Phase [1.
This report also includes a surmmary of the nublished V{terature on the

chemistry of these three agents and a
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